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THE SURGERY OF THE BRAIN 



Neoplasmata at the Base of the Skull 

Neoplasmata of the base ofT^lie skull are closely alli«d-^:o — 
tumors at the base of the l^raiir.' Newformations originating in 
these cases from the outer (lower) surface of the dura or from 
the bone itself grow, as a rule, into the cranial cavity and may 
give rise to manifestations of cerebral compression as well as 
to morbid symptoms from involvement of the cerebral nerves. 
A differentiation as to the structures from which the tumor 
originated is, from the clinical manifestations alone, frequently 
impossible. However, the Roentgen picture may, in certain 
cases, show a sufficient number of changes in the bone to lead 
to a correct diagnosis. I have frequently operated on cases in 
which the typical symptomatology clearly pointed to tumors 
at the cerebello-pontine-angle, and in which the operation dis- 
closed the existence of extensive tumors that had destroyed the 
posterior surface of the petrous portion of the temporal bone, 
and had, therefore, originated either from the outer surface of 
the dura or from the petrous portion of the temporal bone itself. 
To discover such tumors, no method is at present at our com- 
mand other than an intradural exploration through the poste- 
rior fossa of the skull. X-rav examinations have thus far in- 
variably disappointed us; maybe because of the deep position of 
the tumor near the median line. Furthermore, if not situated 
ill the lateral sections of the base of the skull, such neoplasmata 
of the dura and of the bone (mostly sarcomata) are, as a rule, 
not amenable to radical removal. It would be a great aid to 
the surgeon, if X-ray examinations threw more light upon the 
actual state of affairs in these cases, for we would then limit 
our surgical interv^entions to simple decompression-trephining. 

The petrous portion of the temporal bone constitutes a site 
of predilection for the invasion by neoplasmata. Osteosarcomata 
spring from the bone itself, psammomata and sarcomata from 
the dura covering it. If they restrict the space of the posterior 
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he skull, these tumors will produce the same uianifesta- 
as T'ill those invoh-ing the cerebellum proper, 
th reference to the latter coiniitions. I shall cite the fol- 
lowing example: A girl, eighteen years of age. was admitted to 
the Augusta Hospital with all symptoms of cerebellar tumor 
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{marked cboked disc of both sides, cerebellar ataxia, vertigo 
even in the dorsal decubitus, daily vomiting. pitroxyNnis of ex- 
cruciating pains in the back of the head and neck, rigidity of 
the back of the neck, and opistliotoiius), all the manil'estations 
enumerated having developed within a period of one year. Dur- 
ing all this time, her psychic condition remained undisturbed. 
We were not able to establish definitely on which side the 
neoplasm was located, and we were, therefore, compelled to 
expose both cerebellar hemispheres. Xo tumor was found; hut 
in its stead a great reduction of space within the posterior fossa 
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of the skull, occasioned by an enormous kyphosis of tlie basis 
cranii in the posterior region of the sphenoid bone and the pars 
hasilaris of the occiput. After tlie operation, the symptoms 
improved; but soon thereafter manifestations of cerebral com- 
pression set in anew, when the patient expired. 

Fig. 144 depicts the remarkable specimen concerning whicli 
I have reported on another occasion.' For the sake of com- 
parison and clearness, I liave inserted here Fig. 145, which 




Sagittal Section of the Skull and Face of a Girl Thirteen Years of Age, from 
Rudolf Virckow' a " Unterauchungen uber die Entwicklunjf des Sehadellgrun- 
des," Berlin, 1H57, by Georg Reimer, Plate III, Fig. 5, g of n,»nnal size. 



shows the normal relations of the parts in a girl thirteen years 
of age. 

The deformed base of the skull seems to indicate that it was 
not resistant enough to support the weight of the head on the 
cervical portion of the spinal column, in the region of the cHvus 
Blumenhachii and in tlie adjacent portions of the foramen 
magnum; and that this region had been pushed forward toward 
the interior of the skull, thus producing a pathologic promi- 
nence that projected about lA cm. over the superior border 

' F. Krause, Zur Freilegune der hinteren Felsenbeinflache und des Kleinhirns. 
V. Brans, "Beitratre zur kliniachen ChirarBie." Band XXXVII, 1903. 
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of the pyramid of the temporal bone. This prominence ap- 
parently resulted from an abnormal softening of the osseous 
structures in question (rickets). It therefore becomes at once 
apparent that the great deformity and restriction of space within 
the posterior fossa of the skull, consequent to the prominence 
just spoken of, simulated the manifestations of neoplasm of the 
cerebellum. Since the morbid manifestations did not appear 
until about a year before the patient was admitted to the hos- 
pital — when she was seventeen years of age — we are justified 
in assuming that, although the changes in the base of the skull 
were gradually developing, the acme of the deformity was 
reached in that year, and gave rise to symptoms of cerebellar 
tumor. 

In cases where the middle fossa of the skull is in question, 
the early appearance of the characteristic visual disturbances 
point to a tumor which has its origin at the base of the skull, 
and not in that of the brain. Late development of hemiparetic 
manifestations that may be looked upon as distant symptoms 
resulting from an interference with the conduction of the motor 
tracts are, from a diagnostic standpoint, of the same value. 

Neoplasmata of the Gasserian Ganglion 

Neoplasmata of the Gasserian ganglion deserve special con- 
sideration. The clinical symptomatology in these instances cor- 
responds mainly to the involvement of the branches of the 
trigeminus. The patient may suffer from pain in all three 
branches. This pain is, as a rule, different from that of genuine 
paroxysnial neuralgia of the trigeminus — it is usually continu- 
ous. The pains are associated with disturbances of sensation, 
and the cornea may become anaesthetic as a result of paralysis 
of the nervus. ciliaris longus. Pareses and paralyses of the 
muscles of mastication are explained on the same basis. Trophic 
disturbances of the cornea and in the accessory sinuses of the 
nose (fluid collections in the antrum of Highmore) are occa- 
sionally met with. The case of the patient described in Observa- 
tion VIII, 1 Vol. II, p. 785, deserves special notice. It will be 
recalled that in this instance the patient did not complain of 
pain at any time, despite the fact that the entire Gasserian 
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ganglion was involved in the tunior mass; and that anaesthesia 
of the conjunctiva and cornea, with subsequent neuroparalytic 
keratitis and hypalgesia of the corresponding half of the tongue, 
developed later. An increase in the size of the neoplasm of the 
Gasserian ganglion affected sympathetically the neighboring 
nerves — especially the olfactorius and the nerves of the ocular 
muscles. 

It must be mentioned here, however, that there are cases of 
tumor of the base of the brain which cause typical trigeminus 
neuralgia without involving either the region of the ganglion 
of Gasser or the trigeminus proper. 

In unilateral tumors of the base of the skull, Hartmann^ 
distinguishes two types of clinical pictures — the trigeminus 
type and the acusticus type. In the differential diagnosis, he 
emphasizes the importance of the primary clinical symptoms 
and the anatomic location of the tumor. Under the heading 
of the trigeminus type, he embraces all those neoplasmata that 
develop primarily from the trigeminus and, consequently, cause 
primary manifestations from that nerve. It is said that symp- 
toms of general cerebral compression, especially choked disc, 
are, in these cases, wanting, and that they occur only in in- 
stances of carcinoma of this region. On account of the anatomic 
location of the trigeminus, the development of neoplasmata is 
extradural, at least in the beginning of the disorder, and fre- 
quently so throughout the disease. We are, consequently, deal- 
ing with actual newformations at the base of the skull. 

In the second class, the acusticus type, the beginning of the 
trouble is marked by acusticus manifestations which are in the 
foreground of the clinical picture. This form of the disease 
contrasts with the former type by the presence of symptoms of 
cerebral compression and frequently by choked disc. Neoplas- 
mata of the acusticus develop intradurally and, therefore, in my 
opinion belong to neoplasmata at the base of the brain. For 
this reason they are discussed under that heading. 

As stated in the beginning of this chapter, neoplasmata of 
the base of the brain and the skull cannot always he separated 
from one another. This is more so the case, since the tumors 



* Hartmann, Beitrasre zur pathologrischen Anatomic und Klinik der Geschwiilste 
der Basis. '*J1. fiir Psychol.,'* VI and VII. 
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are occasionally partly iiitra- and partly extra-diiral, 
both portions are united only by a pedicle perforatinjf tl 

Neoplastnata only rarely originate in the Gaaserinn gan- 
glion itself. They most freqnently commence in the nerve- 
sheath or in the dura covering it. Marvhand^ described a tumor 
which accordJTig to the clinical symptomatologj' and the his- 
tologic examination, had originated from the ganglion itself. 
He concludes from his microscopic studies that there is a great 
probability of the tumor originating from the ganglion matrix 
of the indiflFerent stage. He. therefore, calls it "neurocytoma." 
The usual types of tnmor encountered are mainly sarcomata, 
less frequently endothelioma, cholesteatoma, and chondroma. 
Carcinomata are usually of a metastatic nature. 

Operations in these cases are mainly performed for the re- 
lief of pain. A radical cure is very rarely obtained. The 
patient may nevertheless be relieved of his sufferings and his 
life prolonged. The operation consists of extirpation of the 
Gasserian ganglion. The technic is described below. 

Extirpation of the Gasserian Ganglion 

At first I fashion, in the region of the temporal muscle, a 
flap with downward base which consists of skin, fascia, muscle, 
periosteum, and bone (see Plate XLI). The incision begins 
immediately above the zygomatic arch which need not be in- 
jured at all, and close in front of the tragus; ascends in a con- 
vex manner, inclining somewhat to the back; and circumscribing 
a semicircle, it then descends forward to the zygoma again in 
snch a manner that the base of the flap measures .^14 cm., its 
height G cm., and its greatest width above, 5 cm. The entire 
operation is performed extradurally. 

As a preliminary step, H eidenhain's deligations are in- 
serted, after which deligation, the incision divides all the tissues 
down to the l)one. The periosteum is then pushed somewhat 
to the side, and the skull is opened in the line of the incision. 
A hole is bored with a Doyen burr at the upper border of the 
flap, and the bone divided with Dahlgrcji forceps. Bone-levers 

'f. Marchand, Beitrag *ur KenntniB der Gesyliwiiltse des GanEJion Gasseri. 
"Rindfleiflch-Featsclirift," Leipzig. 1907. 
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then help to break the bone off and displace it downward. The 
line of fracture of the bone is situated a little above the zygo- 
matic arch. Any remaining ledge of bone that may impede 
thorough inspection is now snapped off with rongeur forceps 
down to the base of the skull — to the crista infratemporalis. 
This precautionary measure should never be omitted, because 
the base of the skull should always lie freely exposed. 

After the flap is reflected, it is seized with a pair of my 
claw- forceps (see Fig. 9, Vol. I, p. 19) ; and flap and forceps 
are together wrapped up in a sterile gauze compress and per- 
mitted simply to hang down at the side of the patient, who is 
in an ahiiost sitting position. The dura is now freely exposed. 
If it be very thin and closely united with the lamina vitrea, we 
must be especially cautious not to tear it while removing the 
bone, for such an accident would render the operation extremely 
difficult. 

The finger, aided by a dull raspatory, is now inserted be- 
tween the osseous base of the skull and the middle fossa; this 
is accomplished by carefully separating the dura mater from 
the upper surface of the base of the skull. We now reach the 
foramen spinosum and the branch of the middle meningeal 
artery coursing in the dura mater which it enters. The liga- 
tion of this vessel is now begun, and, while this is being 
done, an assistant carefully lifts the brain enclosed in the dura 
mater with a spatula (see Fig. 27, Vol. I, p. 115). This lifting 
should be carried only to such a point as is absolutely necessary 
to render the parts visible. 

As a rule, the dura appears very tense immediately upon 
opening the cranial cavity; but it soon becomes flaccid, and 
gives ample room for inspection and for carrying out the other 
steps of the operation. When the dura is elevated, the two 
veins accompanying the middle meningeal artery become visible 
as a distinct cord leading to it from the foramen spinosum. 
Further detachment of the dura mater from the base of the 
skull with the elevator, toward the median line, exposes the 
second and third branches of the artery, and the entire bundle 
of vessels is freely isolated on all sides (compare Plate XLI, 
Fig. b ) . The artery may in this manner be exposed to an ex- 
tent of about ^ cm., and a threaded, flexible ligature carrier 
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passed behind it without difficulty. A Pean hemostat is now 
applied to the artery, between the dura mater and the foramen 
spinosum, and the vessel is ligated. The artery forceps are now 
removed, and the vessel is severed close to the dura. The artery 
is isolated in such a manner that, should the ligature slip acci- 
dentally, enough is left of the vessel to grasp it again. In such 
cases, it is best seized with two dissecting forceps on account 
of the depth of the woimd. This method is so simple, that I am 
using it in other cases of typical Illation off the trunk off tho 

middle meningeal artery. 

DolUnger practised extirpation of the ganglion without 
ligating the artery. That this is possible, I can testify from 
personal experiences. In these cases, however, the foramen 
spinosum was situated at an unusual distance posterior to the 
foramen ovale. However, the safest way to operate is to ligate 
and sever the vessel, and this should be a principle rigorously 
adhered to. Whenever a ligature slips or cuts through the 
artery (marked atheromatosis), I insert into the opening a 
blunt-pointed bone hook (see Fig. 12, Vol. I, p. 23), force it 
in with a raspatory and twist it back and forth a few times 
until the bleeding ceases; or, I allow it to remam in situ 
throughout the entire operation. 

After the middle meningeal has been dealt with, the spatuia 
rests, and the dura is further detached by cautiously advancing 
with a dull raspatory toward the median line. Care should be 
taken not to interfere with the brain by compressing it. The 
detachment of the dura mater from the bone may also be suc- 
cessfully accomplished by })ressing upon it with pledgets of 
gauze held in the grasp of Pcan forceps. In some cases, the 
operation has to be suspended for a few minutes to control the 
hemorrhage. I then loosely pack the wound to its deepest part 
by inserting sterile gauze between the spatula and the base of 
the skull. The gauze compression arrests the bleeding from 
the bone, and when the brain with its dural enclosure is per- 
mitted to fall back into its normal position, the bleeding from 
the veins of the dura also soon ceases. Should the bleeding not 
stop after these measures, as exceptionally happens, a little 
more packing will control it. 

To control the venous hemorrhage v, Bergrnann recom- 
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mended setting the patient up and to cause the brain to sag to 
its normal position. I have my patients in the half sitting pos- 
ture from the very beginning. It is frequently observed that a 
slight shifting of the spatula or its displacement to the front or 
back is suiBcient to stay the bleeding from the veins of the dura. 
The length of the cerebral spatula is 8 cm. In crania of ex- 
traordinary width, it may be advantageous to increase the 
length of the spatula by 1 to 2 cm. It should elevate the brain 
with its dural covering a little upward and should not displace 
it to the median line. 

The cerebral spatula is placed in proper position, and the 
third, and then the second branch of the nerve (situated farther 
median ward) are carefully dissected away from the ganglion of 
Gasser, with the elevator, as far as the foramen ovale and canalis 
rotundus. To accomplish this, the dura mater is pushed away 
from the nerves, which are then lifted off from the underlying 
bone (compare Plate XLI, Fig. a). The same procedure is 
now applied to the Gasserian ganglion itself and succeeds en- 
tirely. However, thin, isolated connective tissue bands here and 
there have to be severed frequently with the point of the scis- 
sors. Generally, blunt pressure with sponges held in slender 
holders is sufficient. Occasionally the dura is suffering a small 
tear which is then followed by a discharge of liquor cerebro- 
spinalis. This, however, is of no significance, provided asepsis 
is faultless. 

The delivery of the ganglion is facilitated by grasping the 
third branch of the nerve with a Pean hemostat and making it 
taut by pulling upon it. For this reason and because they 
steady the ganglion the branches should be divided last. I have 
succeeded in exposing the ganglion, in all cases, to its inner 
border and far enough backward toward the superior border 
of the petrous portion of the temporal bone, to render the trunk 
of the trigeminus visible. The ganglion appears like a network 
of fibres and is grayish-red in color, while the trunk of the tri- 
geminus is almost white and is striped longitudinally. The gan- 
glion is finally detached from the underlying bone. It lies now 
entirely free, together with the second and third branches. 

The first branch of the trigeminus is purposely divided close 
to its connection with the ganglion and not laid bare in its fur- 
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ther course, because it runs to the front in the wall of the sinus 
cavemosus. We also find in its immediate vicinity the abducens 
and the trochlearis, and, farther toward the middle, the oculo- 
motorius. Great care should be taken to avoid injuring these 
nerves. 

Should the sinus cavemosus be injured accidentally the 
alarming hemorrhage following may be arrested by compress- 
ing the bleeding point with a gauze sponge held in the grasp 
of forceps described above. Permitting the brain to return to 
its normal position will by itself cause the hemorrhage to cease. 
Otherwise a strip of gauze will have to be pressed into the bleed- 
ing region and its end brought to the surface through the wound. 
The pressure within the sinus is verj' low. 

With a pair of grooved forceps, the exposed Gasserian gan- 
glion is now seized transversely in its posterior portion, at the 
point of transition to the tnmk of the trigeminus and, conse- 
quently, near the upper border of the petrous portion of the 
temporal bone and close underneath the sinus petrosus superior, 
Plate XLI, Fig. c, shows the grooves left by the forceps on the 
Gasserian ganglion. In applying the forceps, the greatest care 
should be exercised to prevent its point from grasping any of 
the structures located medianward from the ganglion — even the 
smallest bit of dura. 

A pointed tenotomy knife, or a small pair of scissors, divides 
the second and third branches close to the intracranial opening 
of the canalis rotundus and the foramen ovale. The forceps 
grasping the Gasserian ganglion is now slowly turned around 
on its axis. The whole ganglion always follows and with it a 
larger or smaller portion of the central part (posterior to it) of 
the trunk of the trigeminus. The first branch usually tears off 
close to the ganglion. Fig. c, on Plate XLI, shows the Gas- 
serian ganglion (natural size) extirpated from a man thirty- 
two years of age. The first branch of the trigeminus having 
been torn off is not present; the second is the thin, long portion; 
and the third, the short part. To the left of the Gasserian gan- 
glion, on which the imprint of the grooves of the forceps is seen, 
we recognize the trigeminus trunk, the sensory and motor root. 

The peripheral stumps of the second and third branch are 
finally pressed deeply into the canalis rotundus and into the 
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fonunen ovale with an elevator, and the lower surface of the 
cmvum Jttckelii, that has been entirelv freed from its contents 
and lies before us exposed in its entire extent as far as the supe- 
rior border of the petrous portion of the temporal bone, is once 
more carefully inspected. The foramen ovale and the intra- 
cranial opening of the canalis rotimdus are now foimd empty. 
The bone is freely exposed everywhere except close behind 
the foramen ovale, where at times in its stead, a grayish-red mass 
of firm fibrous or fibro-cartilaginous structure will be found 
which in some cases forms the upper lateral wall of the carotid 
canal and together with a thin periosteal layer, forms the only 
partition between the lower surface of the Gasserian ganglion 
and the large artery immediately before its entrance into the 
<7anial cavity. I have found this relationship between the an- 
atomic structures in a number of cases. For that reason, I 
think the detachment of the Gasserian ganglion should be ac- 
<X)mplished by blunt dissection. No instrument with sharp edge 
or point should be used. 

The carotid arterv is also closelv related to the inner border 
of the ganglion and the trunk of the trigeminus, at the point 
where it emerges from the canal. However, it is sufficiently 
distant to escape injury during the operation, if the necessary 
•care is exercised. It is also closelv related to the sinus cav- 
emosus. Careless operation advancing over the median border 
of the trunk and the ganglion (too much inward) will result 
first in a tearing of the sinus which will cause troublesome and 
warning hemorrhage. 

In none of my operations has the internal carotid ever been 
injured. I recall the case of a man twenty-six years of age, on 
whom the operation had to be performed in two stages on account 
of an annoying venous hemorrhage. In this instance the interiuil 
carotid lay, at the conclusion of the operation, freely exposed in 
its course from the canal in the ])etr()us portion of the temporal 
bone to its entrance into the dura mater. Over it, the three nerves 
of the ocular muscles were seen. The arterv was not injured. 

My experiences with over seventy extir})ations teach, that 
under ordinary circumstances, preference should be given to 
the method just described. Modifications of the technic which 
I have also tried on the living subject offer no advantages over 
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this method. My views in this respect entirely coincide with 
those of J. Hutchinson,^ of London, who used Horsley's ma- 
terial for the preparation of his monograph on the subject. 
Where the cerebral tension is high, the dura may be scarified 
to drain off the liquor. 

Temporar)^ resection of the zygomatic arch as well as the 
removal of a portion of the base of the skull, as far as the fora- 
men ovale, have been practised by E. Doyen, Cushing and 
Leccer. 1 think these methods valuable when we have to deal, 
at the time of the extirpation of the ganglion, with neoplasmata 
of the middle fossa and also for the ligation of the trunk of the 
middle meningeal artery, as we shall see later on when dealing 
with injuries. Cushing and Lexer fashion their temporal flaps 
lower and sacrifice the bone. If this be preserved, a slight^ 
barelv visible scar will remain. 

An example of neoplasm of the Gasserian ganglion follows,. 

OBSERVATION IX, 1 

Sarcoma of the Base of the Skull that had Grown Into the 
Gasserian Ganglion. Extirpation of the Ganglion, Fol- 
lowed by the Disappearance of the Severe Symptoms^ 
Death Fifteen Months Later. 

The patient, forty-eight years of age, noticed the first symp- 
toms of her trouble in the beginning of February, 1906. They 
commenced with a dull sensation and roaring in the head. From 
April to September the pains were localized over the right eye 
and extended from here to the root of the nose and into the ear. 
The patient also liad a sensation as if the root of her tongue 
were thickened. By the end of September the pains, whicli 
were almost continuous though not paroxysmal, were radiating 
into the teeth and into the back of her head. The severe tooth- 
ache caused the patient to consult a dentist, who at that time 
discovered an enlargement of the glands in the region of both 
angles of the lower jaw. A great quantity of nuicus mixed 
with pus was discharging from both nostrils; this was more 



^Hutchinson, Jr., "The Surgrical Treatment of Facial Neuralgia." London. 
1905. 
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marked on the right side. H. Oppenheim saw the patient at 
the end of September, and he was then of the opinion that the 
case was not one of pure neuralgia. 

In the beginning of October, 1906, the patient sought relief 
at the Sanitarium of Dr. Staehly, in Bad Godesberg. Dr. 
Staehly's report of the condition of the patient, dated October 
24jth, showed the following objective findings: sensitiveness in 
the 1st and 2d, and paraesthesias in the 3d branch of the tri- 
geminus (lingualis). Abducens paresis on the right. Disturb- 
ances of the oculomotorius on the same side (irritation) — hence 
differences in the pupils, right < left. Disturbances of the right 
opticus (irritation, glittering). Muco-purulent discharge from 
the nose. Dr. Staehly excluded genuine neuralgia and made a 
diagnosis of focal disease of the base of the brain in the right 
middle fossa of the skull, somewhat anterior to the Gasserian 
ganglion. He also thought that the process was either a malig- 
nant condition or an abscess. Lues could not be excluded ; there 
was a hereditary predisposition to tuberculosis. 

In the beginning of November, 1906, the patient was ad- 
mitted to the private clinic of Dr. J arisen. A joint consultation 
(November 7th), in which Professor Oppenheim and my- 
self were participants, convinced us of an affection of the 3d 
branch of the trigeminus. The muscles of mastication of the 
right side were weaker than those of the opposite side. The 
lower jaw, however, did not show any deviation when the pa- 
tient opened her mouth. The sense of taste was not affected. 
There was a hyporeflexia of the right cornea and tachycardia 
(pulse, 120). Dr. Jansen thought the discharge came from the 
sphenoidal cavities. He, therefore, opened the right sphenoidal 
fossa through the posterior ethmoid cells. The mucous mem- 
brane was here jellylike and much swollen. A glandular 
pocket, the size of a pigeon's egg, was removed from the right 
side. The microscopic examination showed a large-celled round- 
cell sarcoma with mucinous changes. 

In the further course of the disease, the subjective com- 
plaints were aggravated — the patient complained of excruci- 
ating pains in the upper and lower jaw as well as in the right 
half of the tongue. An incessant burning raged in her mouth, 
and she had the sensation as if a cauterv iron were there. Pains 
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the upper maxilla as well. Whenever the 

■ right side she jwrceived upon awakening 

udCK of the head. There also existed a weakness 

lie right temporal muscle and a paralysis of the right ptery- 
lideus externus. The right palpebral fissure jvas somewhat 
narrower than the left. Oppcnhdm ascribed the contraction of 
the right pupil to the action of the sympathetic ner\'e. The 
other branches of the ocidomotorius were free and the ophthal- 
moscopic examination normal. This was associated with a flow 
of saliva from the right angle of the mouth and lachrymation 
of the eyes. The X-ray examination was negative. 

Since the tachycardia became aggravated (pulse, 152), the 
left velum palati paretic, and the right bulbus prominent, and, 
furthermore, since the pains became almost intolerable, I made 
a diagnosis of tumor of the middle fossa of the sVuU, and sub- 
jected the patient, on the 17th of December, to an operation. 

The method of operating corresponded essentially to the one 
described above (compare Plate XLII). The dura mater could 
be detached from the ganglion and brandies with facility. This 
was done bluntly and no morbid parts were found attached to 
it. Since the neoplasm embraced the visible lateral section of 
the Gasseriaii ganglion on the one hand, and on the other in- 
vaded the base of the skull in a number of places, so that its 
radical extirpation was seemingly out of the question, I severed 
the trunk of the trigeminus in an apparently healthy portion; 
separated the entire ganglion from the underlying surface of 
bone witli the raspatory witlmut leaving any tumor remnants 
behind, and finally cut the 2d and 'Ad branch after they had 
been bluntly isolated, close tu the foramen rotundmn and ovale. 
This concluded the removal of the accessible portion of the 
tumor, A drain was introduced into the depth of the wound, 
and the field of operation exactly co-apted with sutures. 

The patient withstood the o[icratinii, which lasted two hours, 
very well. The loss of blofid was slight, and the woman was 
able to sit up in bed on the evening of the day of the operation. 
The drain was removed on the '2'2d of December. Until the 
29th of that month, clear cerebro-spinal fluid drained from the 
small opening in the wound, after whieli date it ceased. On the 
31st of December, the wound was entirely healed. Lancinating 
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pains were perceived by the patient, in the head, until the 7th 
of January, after which date they recurred no more. 

On the day the patient left the hospital (January 10, 1907) 
her lower jaw still deviated when she opened her mouth, but to 
no greater extent than before. The examination made by H. 
Oppenheim disclosed a sensation of bluntness in the region of 
the right side of the nose, cheek, and forehead — a little over 
the parieto-auricular line posteriorly. Tactile anaesthesia ex- 
tended to the middle line. The analgesia of the skin of the 
head extended exactly to the parieto-auricular line, and of the 
face to the middle line. In the region of the cheek, it extended 
backward to a line that ran downward behind the zygoma of 
the superior maxilla. On the other hand, needle-pricks on the 
mucous membrane of the lower lip were perceived by the pa- 
tient fairly over the median line (not very painful, however). 
She would then respond with reflex motions. The bulb was 
completely ansesthetic. 

Mr. v. Hansemann sent in the following report of the his- 
tologic findings: "Numerous ganglion cells are to be found in 
a portion of fairly firm connective tissue that had undergone 
hyaline transformation. No pathologic changes are discernible 
in the former. However, in numerous places, showing inflam- 
matory infiltrations of the connective tissue, the ganglion cells 
are destroyed. In isolated places, the entire structure is 
changed to such an extent that the characteristics of a nerve- 
ganglion are no longer recognizable. In such places we find a 
decided neoplasmic structure which is composed of fair-sized 
cells with vesicular nuclei. The cells are generously surrounded 
with intracellular substance, and this connects them with one 
another as well as with the underlying and surrounding con- 
nective tissue. In the centre of such tumor-masses, mucoid de- 
generation is present in which the tumor-cells have mainly 
perished. In comparison with the total extent of the ganglion 
these accumulations of tumor-cells are small and recognizable 
only upon microscopic examination. We, therefore, find that 
we are dealing with a sarcoma that has invaded the Gasserian 
ganglion, but whether it originated in it, cannot be asserted with 
certainty. The inflammatory and degenerative processes are 
to be looked upon as secondary conditions. It is our opinion 
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that the tumor, having originated elsewhere, has subsequently 
invaded the Gasgerian ganglion. The point of origin of the 
neoplasm cannot be ascertained from the specimen furnished." 

Three months after tlie operation, the patient gained ten 
poimds. Outside of transitory pains in the right eyeball, her 
general condition was good. These pains yielded to Roentgeno- 
therapy. Of the further course of the disease, I am informed 
that during the year 1907 the patient was able to move about 
without aid and evidently enjoyed life and took great interest 
hi the daily affairs. She died on the 21st of March, 1908, 
fifteen months after the operation. I received no information 
as to her status in the last months of her life. 



Prognosis in Extirpation of Neoplasmata of the 

Brain 

While extirpation of tumors of the brain may show a whole 
series of brilliant results, it must be admitted that, taking the 
matter as a whole, the prognosis is still not very satisfactory. 
It is too frequently the case that the necessary tremendous 
surgical attack is out of proportion with the age of the patient 
and his weakened body. Death from shock is, for that reason, 
not of infrequent occurrence. The results in this respect have, 
since the introduction of the method of operating in two stages, 
considerably improved. And I wish to emphasize here once 
more the great danger of cerebral punctures and to recall the 
aggravation of the symptoms following them and the conse- 
quent bad influence on the prognosis (compare Observation V, 
1, Vol. II, p. 616, and Vol. I, p. 281). 

Dangers of Operation 

The great danger of surgical intervention (of more frequent 
occurrence in the past than at present) is the meningitis trau- 
matica or septica, and, with reference to it, the entire responsi- 
bility rests with the surgeon. Such a meningitis should be 
guarded against. This statement, of course, applies not only to 
operations for neoplasmata, but to all aseptic operations upon 
the brain, as for instance, in cases of epilepsy where the cere- 
brum is widely exposed, and where a flap, 9 to 10 cm. high and 
6 to 8 cm. wide, has to be trephined. Up to the present time, 
three hundred and thirty-one of such extensive operations on 
the brain have been performed in Berlin by the writer. The 
greater number of these patients have died, to be sure, but not 
a single one has perished as a result of septic meningitis. Men- 
ingitis, as a rule, is characterized by so distinct a complexus of 
symptoms that, in the few cases in which we were not able to 
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>y, they eoukl be clinically excluded. At th 
a single instance of septic meningitis has ev^ 
r Prosector, Professor Ocstreich. will corrobo 
,:his statement. 

In this fact, which is very satisfactory and encouraging ■ 
the surgeon we find justification for surgical interventions, Tl 
have entered into tlie lateral ventricle three times (compare 
Observation I, 12, Vol. II. p. 368) ; recently in a similar case in a 
girl ten years of age (also Observation IV, 1, Vol II, p. 590) ;. 
the fourth ventricle was laid open wide in another instance (coin->J| 
pare Observation VII, 12, Vol. II, p. 771). All four patientM 
recovered. As is well known, the continuous drainage of liquorJ 
saturating the bandages in the field of operation, is difficult to9 
keep in an aseptic condition; yet this is possible to accomplish." 
But it requires extraordinary care not only on the part of the 
surgeon, but also on the part of his assistants and nurses. One 
must feel that one can rely on every one coining in contact with 
the patient. While my experience proves that septic infection 
and meningitis may certainly be avoided, there are many other 
dangers to cope with, after the collapse of the patient has been 
overcome. 

In the first place, we must mention pneumonia. This com- 
plication is especially likely to occur in all diseased conditions 
of the brain which are complicated by disturbances of degluti- 
tion. The danger in these instances docs not rest with the^ 
aspiration of food particles and licpiids into tiie air-passages. 
This can he avoided by careful feeding and, if necessary, by 
resorting to rectal alimentation. The real danger in these cases 
is the aspiration of decomposed oral secretions which are always 
present for a few days after Severe operations. Despite the 
most scrupulous cleanliness the decomposition cannot always be 
subdued, on accoimt of the asthenic state of the patient. 

Another danger is found in hyperthermia with acceleration 
of the pulse, whicli have frequently been seen in cases of opera- 
tion upon the cerebellum or in its immediate vicinitv, and which 
have continued for a consideraltle ]jeriod with or witliout drain- 
age of liquor. They weakened the patient extremely. 

The danger of softening of the brain has been pointed out 
in Volume I. 
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In instances where the tumor has, by its growth, perma- 
nently destroyed certain portions of the brain, the recovery after 
a successful operation can only be partial. It should therefore 
be our aim to get the patient to the operating table as early as 
possible. In such cases, the general practitioner may give us 
invaluable aid by referring the patient to the experienced neu- 
rologist or surgeon upon the earliest discovery of morbid 
symptoms. This question should especially interest the oph- 
thalmologist because people afflicted with visual disturbances 
naturally first consult the eye specialist, and not the neurologist 
or the surgeon. 

The earlier we diagnose and locate the site of the neoplasm, 
the more favorable are the prospects of benefiting the patient 
by an operation. The usual practice of administering mercury 
and iodide is by no means a harmless one, because not infre- 
quently the proper time for an operation is passed by and the 
chances in favor of the patient are thereby very much reduced 
or perhaps annulled. We must also constantly keep in mind 
that the oedema in the vicinity of neoplasmata of a non-specific 
nature may be absorbed imder the influence of these drugs, and 
thereby cause a distinct recession of the symptoms,, and, con- 
sequently, an improvement in his general condition without 
having the slightest influence on the tumor itself. Such improve- 
ments not infrequently create false hopes, not only in the pa- 
tient, but in the attending physician as well, as a result of which, 
operation is postponed until a sudden aggravation in the con- 
dition of the patient forces the surgeon to interfere at a time 
when the conditions are by far more unfavorable. Further- 
more, operative intervention may at such times be entirely out 
of the question. I have seen a 'number of patients die as a result 
of such procrastination. 

Despite all that has been said, we must not feel discouraged. 
It takes a high degree of self-possession and stamina on the part 
of the surgeon to grasp the knife again after a series of dis- 
couraging operative failures, in the hope of seeing a successful 
outcome in the next operation. The day when the contention 
of E. V. Bergmann that only neoplasmata of the senso-niotor 
region are amenable to surgical intervention was held to be an 
iron-clad rule, is no longer. Yet a great deal remains to be 
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s it not a fact that other branches of the healing 
It nave been won over from internal medicine to snrgerv, 
ive, in the beginning, yielded poor i"esults and have become 
better and better through tireless effort and labor? Let ns for 
instance recall the time when conditions, known now in their 
true light, were looked upon as perityphlitis. This, of course, 
is only a simple example in comparison with the serious nature 
of the work in question. If we now couple what has been said 
with the extreme difficulties encountered in making a local diag- 
nosis, we must admit that despite all, the progress made in the 
last few years in this difficult branch has been little short of 
marvellous. An example of this is the positive diagnosis of 
tumor of the acusticus which has been made possible only in the 
last few years, although Vircho-w described this condition in his 
classical work on neoplasmata. 

If we now reflect and take cognizance of the fact that the 
inevitable fate of the patient afflicted with brain tumor is death, 
to say nothing of the indescribable mental and physical tortures 
(think of the blindness alone!) he has to endure before death 
relieves him of his agony, it will at once be seen that it is our 
duty to come to his rescue and hold out to him the only hope 
offered to him by an operation, for every patient cured by surgi- 
cal means is wrenched from the clasp of certain death. 

We should also remember that in all cases of heightened in- 
tracranial pressure sudden death may supervene before it is at 
all possible to accomplisli decompression by trephining. For an 
example: One of our leading neurologists made a diagnosis of 
a neoplasm of the thalamus opticus in the case of a woman 
twenty-six years of age. and. since a radical extirpation was 
apparently impossible, operation nas Tiot considered at all. 
During an observation of six months the patient was suffering 
exceedingly, acute cerebral compression suddenly set in, and, 
before she could be lirought to a surgical clinic, death super- 
vened from paralysis <if the nuclei of the vagi. A decompres- 
sion operation in this instance would, in all i>r(ibahiiity, have 
led to an amelioration of the symptoms, and the life of the pa- 
tient might have been prolonged. 

In selecting our cases for surgical intervention we nuist sep- 
arate those cases that are amenable to surgical treatment from 
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those in which a complete eradication of the trouble seems im- 
possible. A fertile field is here open to the neurologist, whose 
labors, judging by the progress made in the last years, will be 
well rewarded by further refinement in diagnosis and by the 
solution of intricate and imsolved problems. However, until 
that time, a great many trepanations will necessarily have to be 
performed to find whether the condition had progressed beyond 
hope of a radical cure. But, even in these instances, our efforts 
have not been in vain, because decompression-trephining is a 
justified, palliative operation. 

The prognosis also varies with the nature of the neoplasm. 
The most imfavorable tumor is the diffuse glibma which is not 
encapsulated, and which by its extension, invades important 
structures contiguous to it, transforming and destroying them. 
Microscopic examination of these gliomata shows that they are 
not limited, i.e., there is no dividing line between the normal 
cerebral substance and the structure of the neoplasm — a very 
unfavorable state of affairs with reference to operative interven- 
tion. The day may not be distant when a diagnosis of infiltra- 
ting glioma may be made with a certain degree of probability, 
in which event, these cases will, of course, be relegated to the 
class of inoperable conditions, because, even though these tumors 
are located in the cortex, their intimate union with the surround- 
ing structures will not permit a radical removal. If the great 
percentage of those inoperable conditions be deducted, the gen- 
eral operative prognosis would be considerably bettered. 

Tumors which offer the best prognosis and which may be 
removed with certainty, are those that are encapsulated. Of 
these again, the easiest to remove are the cortical neoplasmata 
that spring from the cerebral membranes and extend into the 
brain substance. But even in these cases, the prognosis is en- 
cumbered by the fact that occasionally plugs of the original 
tumor grow into the brain substance and that, regardless of the 
most careful operating, remnants will remain that will give rise 
to recurrences (compare Observation IV, 1, Vol. II, p. 590). 

The danger of the operation varies with the seat of the 
neoplasm. I consider it of the utmost importance to give an en- 
tirely true picture of my experiences. Only such statistics of 
any surgeon are of use for our theme as mirror conditions as 
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digressing an atom one way or the 
) of the experiences of a number of observers' 
aijie for the reason that there are surgeons 
iiavt iv and perhaps unsatisfactory results from tlieir 

operations, and hence do not feel inclined to bring them to geni 
eral notice. 

For the following statistical data, I am indebted to mj 
assistants, Physician in Chief Dr. E. Hei/marin and Dr, 
Ilarlig. 

There was a total of 109 cases operated on for neoplasmata 
of the brain substance {both cerebrum and cerebellum). Of 
these operations, 19 were performed in one sitting. Of the re^ 
maining 90 patients operated on in two stages. 18 died after 
the first -sitting, before the dura had been opened into. This 
leaves a total of 72 cases operated on in two stages. 

Of those operated on in one stage, 6G§'^;. died; of those in 
two stages, 20.85%. The mortality, according to the regions 
operated upon (leaving entirely out of consideration the age 
and the general condition of the patient as well as the duration 
of the disease), was as follows: frontal brain, 43.5%, central re- 
gion, 27.1%., temporal lobe and island, 26.6%., parietal lobe, 
82.8%, occipital lobe, 25%, and cerebellar hemispheres, 53.7%. 

The histologic structure of 81 neopksniata examined with the 
microscope was as follows: 9 solitary tubercles. 21 glioniata, 6 
gliosarcomata, i endotlieliomata, 11 fihrosarcomata, 8 neuro- 
fihromata, 15 sarcomata, 4 angiomata, 2 metastatic carcinomata, 
and 1 metastatic Iiypemeijhroma. 

Xeoplasmata of the cerebello-pontinc-angle offer by far the 
worst prognosis, and I, therefore, shall speak of them sepa- 
rately. 

Of 24 patients operated niJori, only 4 were cured; a man» 
thirty-four years of age, and three women, thirty, forty-four, 
and forty-nine years of age respectively. Of these, the last pa- 
tient shows the longest freedom from trouble after the opera- 
tion — since tlie 12th of Sejjteniber, 1908. The i)rognosis of 
these tumors would undoubtedly have been far lietter had the 
patients come earlier to the operating table. In not a few of 
our cases, the beginning of the trouble was traced as far back 
as six to eight years, and, from the characteristic symptom- 
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.atology of these eases, a correct diagnosis could have undoubt- 
•edly been made at that time. Most of my cases of such neoplas- 
mata that were pronounced inoperable showed at the autopsy 
that the tumors were not amenable to surgical treatment on ac- 
count of their extension into the middle fossa of the skull, and 
because of their penetration into the substance of the petrous 
portion of the temporal bone, and also on account of com- 
pression, flattening, and excavation of the pons and medulla 
oblongata. A surgical procedure in such cases would have been 
so enormous, that the already afflicted respiratory centre would, 
during the severe operation, have entirely refused. 



Intracranial Suppurations 

To make a diagnosis of abscess of the brain, the etiology 
plays the most important role. If no primary point of infection 
is found, the diagnosis will at best be rendered very uncertain* 
Whether such a condition as idiopathic abscess of the brain 
exists at all, is very doubtful; at any rate, compared with the 
other forms, it is extremely rare. 

Traumatic Abscesses of the Brain 

Every injury of the brain which is complicated by an infec- 
tion of the wound may give rise to cerebral abscess. This is true 
for all portions of the cerebriuii. We designate 

Acute Traumatic Abscess of the Brain 

all those instances which follow immediately upon the infliction 
of an injury. For instance, the collections of pus following the 
penetration of a foreign body or compound fractures of the skull. 

Since the coverings of the brain in these cases are also in- 
volved in the injury as well as in the infection following it, there 
is always a concomitant meningitis. If the suppuration pro- 
gresses in the meshes of the arachnoid and the pia, a diffuse 
suppurative leptomeningitis results, that, without exception, 
leads to the death of the patient. In other cases again, the in- 
flanmiation flared up by the infection of the soft membranes of 
the brain limits itself to the inmiediate vicinity of the cerebral 
injury; and, in such cases, a more or less circumscribed focus of 
suppuration within the cortical substance of the brain and in its 
inmiediate vicinitv will result — cerebral abscess. 

Acute traumatic cortical abscesses are usually situated in 
the immediate vicinity of the wound in the region of the con- 
tused brain substance. They represent, to a certain measure, a 
retention of pus withui a pocket of the wound, the egress of 
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which may be hindered by a fragment of bone. Such woimds 
have, as a rule, a septic appearance, and pus is frequently seen 
issuing from between the lips of the wound. This is usually 
associated with symptoms of meningeal irritation and manifes- 
tations of focal irritation and paralyses that depend upon the 
respective section of the cortex involved. The study of the 
symptomatology of these cases is the same as that occasioned by 
neoplasmata of the respective cerebral regions, to the chapter 
on which the reader is referred. The so-called early abscesses 
cannot, as a rule, be distinguished from traumatic suppurative 
meningitis. While suppurative leptomeningitis develops very 
soon after the injury has been inflicted and occasions morbid 
manifestations corresponding to its site and extent, the develop- 
ment of an abscess requires, at any rate, a few days or, perhaps, 
from one to two weeks. The reason why a deathly leptomenin- 
gitis purulenta develops in some cases and in other cases again, 
an abscess develops, is as yet unknown. 

Two examples of acute traumatic abscess of the brain 
follow. 

OBSERVATION X, 1 

Blade of Knife Remaining in the Left Temporal Region for 
Thirteen Days rcithout Causing Marked Disturbances and 
then Leading to the Formation of a Large Cerebral Ab- 
scess that Broke into the Lateral Ventricle. Sudden Death 
from Flooding of the Fourth Ventricle tvith Pus. 

On the night of the 26-27th of December, 1897, while on his 
way home with a friend, the patient, a laborer twenty-eight 
years of age, was without cause attacked by an individual fol- 
lowing him. He received a blow on the forehead, which he be- 
lieved to have been inflicted with a billy or a bat. In spite of 
the considerable hemorrhage that followed he did not feel weak, 
and he proceeded quietly toward home. He was dressed by a 
physician on the following day. He remained in the care of 
his lodge physician for thirteen days, during which time he was 
perfectly clear mentally, and complained only of increasing 
headaches. His appetite finally became bad. The physician 
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ordered t-ertuin powders far him for the relief of a gastrie dis- 
turhanee from which he was suffering. The left half of his 
face had been (in the beginning) somewhat swollen, but the 
wound healed within eight days without disturbances. The pa- 
tient <hd not improve, however. Becoming worse, he was sent 
to tlie Hospital of Altona on the 9th of January, 1898. 

The patient, a powerful, well nourished, somewhat pallid 
man, arrived nt that institution on foot. His heart and lungs 
were normal. A red, vertical scar, about ll^ cm. in length 
and sensitive to the touch, was found over his left eye. The skin, 
covering the lione, which was also apparently injured, could not 
he -satisfactorily moved. The patient complained of headaches 
in the region of tlie scar, but percussion of the head caused no 
pain. The eye and ear on that side were normal and paralysis 
of the extremities did not exist. His gait and speech were nor- 
mal, although he spoke somewhat hesitatingly. Outside of the 
complaint that within the last few days he had noticed some 
Weakness of his memory, nothing of importance was elicited 
u|)on furtlier questioning him. He was admitted to the hospital 
at three o'clock in the afternoon and ordered to bed. He par- 
took of dinner, and drank eojfee at four o'clock. His pnlse was 
regular, and his axillary temperature 37.-4° C, 

About five o'clock in the afternoon of the same day, the 
patient suddenly became very restless, his temperature rapidly 
n>st' to 40.0° C. he became delirious, and at six o'chK'k he was 
uneonscious. His respiration became stertorous, his pulse small 
ami very rapid. At ten minutes after six, lie was dead. 

By order of court, a post-mortem examination was held 
(llth of January) at the hospital, by Oi-hcimrat WalUchs and 
Dr. Fischt-r. The most important (lata found in the protocol of 
that examination follow: 

A narrow sear in the skin of the left ftirebead. aUmt l^U cm, 
ill length, was found running a little to the left of the median 
line of the eyebrow and close over it, oblicpit-ly from without 
dowinvanl. inward, and upward. There was a rough, somewhat 
deeiK-ned phtiv on the left frontal Imne alKMit 1 cm. in length 
which ertrres|w»iuled to tlie dirtvlion of the scar of the skin. 

AlKiut three tabK-sjMH»nsful of green pus were evacuated 
during tlie reuHnal of the vault of the cranium, which was of 
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normal shape and dimensions. Some semifluid and semicoagu- 
lated blood was found in the sinus longitudinalis. The dura 
mater was smooth and its vessels slightly turgid. The soft cov- 
ering of the brain was found cloudy on the left side, and streaks 
of pus were visible along the congested vessels. 

Inspection of the anterior fossa of the skull, above the roof 
of the orbit, at the place corresponding to the osseous scar dis- 
closed a part of the blade of a knife firmly imbedded in the sub- 
stance of the bone (see Plate XL II I, Fig a). The brain was 
then carefully removed. A pus cavity, the size of a hen's eggy 
with fairly smooth walls, into which the blade of the knife was 
projecting was found in the left frontal lobe. The blade was 
firmly wedged in the perforated bone; it was 4 cm. long and 
1 cm. in width, and it tapered off toward its point; it occupied 
a somewhat oblique position, and its point extended almost to 
the median line. 

The pus liad broken through the left lateral ventricle, and 
a little of it was also found in the right lateral ventricle. The 
cerebral substance was soft and not very vascular. The soft 
cerebral membrane covering the base of the brain was smeared 
with pus and also cloudy. 

Plate XLIII, Fig. a, depicts the base of the skull together 
with the knife. The handle of the knife, taken from the assail- 
ant when he was arrested, contained a small portion of the blade, 
the line of fracture of which fitted exactly into the wound of the 
frontal bone. 

The autopsy, therefore, disclosed a cerebral abscess which 
had developed around the blade of the knife that was imbedded 
in tlie left frontal brain for a period of thirteen days. Neither 
the severe injury nor the large abscess caused morbid manifesta- 
tions of any degree. The patient was up and around during the 
entire time and he walked into the hospital. The death of the 
patient, that set in about three hours after his admission to the 
hospital, was caused by the breaking of the abscess into the left 
lateral ventricle. From here, the third ventricle, tlie riglit lat- 
eral ventricle, and through the aquseductus Sylvii the fourth 
ventricle, were flooded with pus. The immediate cause of death 
was paralysis of the vital centres of the floor of the fourth 
ventricle. 
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t been admitted to the hospital earlier, & 
fluoroscope would at once have shown the 
the ife in the interior of the skull. During the 
1 ' nothing of the blade was seen on the surface, because 
wound had eouipletely cicatrized over it and the knife had 
broken at a point a little below the surface of the skull. Had the 
blade been discovered earlier it would Iiave been an easy matter 
to trephine tlie frontal region, remove the blade, and drain the 
abscess. There is a great probability that the patient could have 
been saved by such a procedure. That this statement is justi- 
fied, is proved by the following case. 



OBSERVATION X, 2 

Penetration of the Point of an Umbrella Into the Left Orbital 
Cavity and Into the Frontal Brain. Very Large Ichorous 
Abscess. Cure After Enucleation of the Etfeball zchick 
vjas Destroyed by Suppuration. Removal of Splinters of 
Bone, and Drainage of the Abscess Cavity. 

A farmer, twenty-six years of age, was admitted to the hos- 
pital suffering from a panophthalmia of the right eye. Fourteen 
days prior to his admission to the liDsjjital he had been a partici- 
pant in a fight iluring which he was struck in tlie right eye with 
the point of an umbrella. Until a few days ago outside of hav- 
ing some heailaclics he felt perfectly well. He walked into the 
Hospital of Altiniii after sojourning for four hours on a 
steamer from the KIbut'cr of Hanover. He was a powerful 
man, and outside of iicadaciies lie i'elt toleraljly well. His axil- 
lary tempeniture was 38.4" C. Focal manifestations did not 
exist. 

Close above the eyeball wliicli had been destroyed by sup- 
puration a transverse tear, covered with ii siiieiiry deposit, was 
found in tlie conjunctiva biilbi. t'pou intiochiciiig uiy finger 
into it, splinters of lione were discovered in the depth of the 
wound. Tile eye was enucleated, after which a nmnher of pieces 
of bone from the roof of the ort)it were removed with u pair of 
dressing forceps with ease. This was immediately folhiwed bj^ 
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the evacuation of malodorous pus that was intermingled with 
particles of brain tissue. The index finger advanced through 
the opening in the roof of the orbit (without meeting any re- 
sistance) and into the cavity of the skull. The abscess cavity 
was so deep that I could not reach all its recesses. The enor- 
mous abscess in the frontal lobe of the brain extended back- 
ward. After enlarging the cleft in the bone, the pus was 
carefully wiped out of the cerebral abscess, and a drain, the 
thickness of a finger and surrounded with iodoform gauze, was 
introduced loosely. For the first fortnight the drainage was 
very profuse, but it soon became less, and seven weeks after the 
operation the patient was discharged from the hospital. This 
was in September, 1893. 

I saw the patient a year later in Stade, during the trial at 
court. He was perfectly well with the exception of the loss of 
his eye. He continued at his previous avocation, that of a farm 
hand, and he complained neither of paralyses, anaesthesias, nor 
morbid manifestations of any nature. His mental fimctions 
were also entirely unaffected. I received a letter from him 
eight years after the accident (about the end of 1901 ) in which he 
wrote of his excellent physical condition 

This observation teaches that even large accumulations of 
pus within the brain will give rise to comparatively few symp- 
toms, and that with proper treatment the patient may be com- 
pletely cured. 

Chronic Traumatic Abscesses of the Brain 

Chronic traumatic abscesses may result from the same causes 
that give rise to the acute variety, or they may follow them. The 
latter occurs when the septic focus within the brain is rapidly 
walled off from the contiguous healthy structures. If the viru- 
lence of the infectious organism be low, or if the power of re- 
sistance of the surrounding structures be great, the clinical 
manifestations will be mild, and the course of the disease less 
acute. Compound fractures and foreign bodies may in this 
manner lead to chronic abscesses. Chronic suppurative pro- 
cesses of the bones of the skull, resulting from trauma, may 




ess formation , in the brain by infecting its' 
he extension of the invading niicroorganisin 
, dans oi a progressive venous thrombusis. In cases of de- 

ciaed chronicity of the process (abscesses were known to exiiit^ 
for many years), exaeerbations will frequently occur. They area 
characterized by inflammatory manifestations that lead, eveiy^ 
time they set in, to an increase in the size of the abscess. Al- 
though chronic abscesses are, as a rule, encapsulated by a layer 
of tissue known as the pifogenic membrane, acute exacerbations 
may soften that membrane, perforate it, and flood the ventricles 
of the arachnoid space with pus and thus cause tlie death of the 
patient. Sudden disaster may also be wrought by an acute 
cerebral oedema. Early diagnosis and prompt evacuation of the 
pus alone can save the patient. 

With reference to the diagnom of chronic traumatic ab- 
scesses uf the brmii, a differentiation must be made between the 
sjnnptoms caused by the injury proper, and the manifestations 
resulting from the development and the extension of the abscess. 
After the primarj- symptoms caused by contusion or concussion 
of the brain and the extravasation of blood have faded, there 
usually follows a period uf UKinths or even years during which 
the patient is only slightly disturbed or he feels perfectly well; 
this is the so-called latent period which is frequently accom- 
panied (outside of syuipt(.|,is of general ecrebral compression), 
by late symptoms of cerebral abscess. It depends entirely 
on the functional importance of the cerebral territories involved, 
whether the disturbances set in earlv. late, or not at all. The 
focal symptomatology li„s 1,^^,^^ ^^ thoroughly discussed in the 
preceding chapters, that I shall restrict myself to a few brief 
remarks on the question, in order to avoid unnecessary repe- 
tition. It is a remarkable fact that large territories of the 
cerebral hemispheres may he nielted away by the suppurative 
processes without the (K'currence of the sliglitest symi)tom to 
indicate what is going on (compare both observations of acute 
cerebral abscess V Psychic disturbances have been noted to 
occur in suppurations of tiie frnntal brain and also in abscess 
of the temporal lobe. In the latter instances the sexual sphere 
was principally affected. 

The abscesses usually develop l»y degrees and increase in 
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size under inflammatory manifestations and paroxysmal symp- 
toms, while the patient is apparently well. The most important 
of these symptoms are: Headaches emanating from the scar; 
psychic depression, vertigo, nausea, occasional high tension and 
slow pulse, and finally, hyperthermia. It should be stated that 
cerebral abscesses may run an entirely afebrile course. This is 
especially the case in encapsulated abscesses that have not be- 
come absorbed. 

Trepanation is Indicated 

when a diagnosis of cerebral abscess has been made, and where 
there is sufficient reason to suspect the existence of suppurative 
processes within the cranium. The old dictum: nbi pus, ibi 
evacua, holds in these cases even better than in others, because the 
life of the patient in intracranial suppurations is always in im- 
minent danger. The experienced eye will recognize, in the 
oedematous changes of the granulations of the wound, that may 
perchance persist, a sign of trouble lurking in the depths. The 
defect in the vault of the cranium should be made sufficientlv 
large or widened correspondingly. The dura mater covering the 
abscess is frequently of a dirty or yellowish color. As a rule, 
pulsations are absent in the dura, but their presence does not 
signify that no abscess exists. This should be noted. I perforin 
diagnostic aspirations only after the dural flap has been re- 
flected, because with the dura intact, the pus may enter the 
arachnoid meshes through the puncture tract made with the 
aspirating cannula, and an infection of the meshes may follow. 
For technic, compare chapter: Opening of Cerebral Abscesses, 
Vol. I, pp. 103-107. 

Outside of trauma cerebral abscesses are sometimes known 
to develop in connection with inflammatory processes and su])- 
purations of the bones of the skull and the soft tissues covering 
them, as well as morbid diseases of the nose, the ears, and the 
accessory sinuses. We therefore recognize rhinogenous and 
otitic abscesses of the brain and those that develop in connection 
with caries and similar processes in the bones of the skull. For 
the sake of completeness, actinomycosis, cerebrospinal menin- 
gitis, and tuberculosis should also be mentioned as possible 
etiologic factors for cerebral abscess. As stated before, con- 
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tubercles ^oiild, in acconUnce with the 
IS they produce, tw classified as brain tumors. 
tubercles break down and ^ve rise to stippura- 
n, a real encapsulated cerebral abscess may result (compare 
Observation V, 2, Vol. II, p. 631). Of course, these cases are to 
be separated from those foci of suppuration that develop in con- 
nection with tuberculosis of the bones of the skull. The latter 
belong to the class of carious bony processes mentioned above. 

Extradural Traumatic Abscesses 
The same causes that occasion abscess of the brain may be 
responsible for extradural collections of pus. Xo repetition is 
therefore necessary, and the following observation will suffice as 
an illustration. 

OBSERVATION X, 3 

Gunshot Wound of the Petrom Portion of the Temporal Bone. 
Extradural Abscess ti.ith Cerebral Manifestations. Wide 
Opening icith the Trephine. Cure. 

A merchant, thirty-two years of age. was assaulted on the 
5th of June. IStO,*, and severely injured. The assailant inflicted 
a stab-woimd on tiie right side of tlie neck that penetrated 
deeply, close to the carotid artery, and perforated the floor of 
the mouth and the soft palate. The patient tried to wrench the 
dagger from the hand of his assailant and during the struggle 
the tendons of the palm of liis left iiand were divided. A bullet 
from a revolver shattered the right lialf of his lower jaw, in- 
jured the cervical vertebra- anil spinal cord, and travelled 
backward under the skin to the level of the spinous processes of 
the 5th and (Uh vertei)ra?. The patient at once became paralyzed 
and was unable to move from the place The second bnllet de- 
stroyed the left organ of liearing. and entered the petrous por- 
tion of the temporal bone. For the fiirtlier course nf the spinal 
injuries compare that ehajiter with Observation XIV. 0. 

Both bullets caused severe disturbances and were extracted. 
About the end of June, while the patient did not eomplain of 
any symptoms, his temi)erature suddenly rose to 40. ."J ' C. Tliis 
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was accompanied by manifestations which pointed to an abscess 
of the brain. On the 8th of July, I widened the granulating 
wound in the region of the left ear, carried out the radical oper- 
ation on the organ of hearing, and penetrated into the depths 




Fig. IKi 

on account of extensive suppurative granulations that extra- 
durally infiltrated the petrous portion of the temporal bone. At 
the upper border and tlic posterior surface of the petrous portion 
of the temporal bone, the suppuration had extended verj' deeply. 
I was therefore obliged to excise a large flap of bone (see Fig. 
146 above) in order to gain sufficient space to detach the dura 
from the petrous portion of the temporal bone, and remove 
all septic and infiltrated tissues and granulations in an entirely 
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•. The large cavitj- of tlie wound wms j 
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lUowing the operatkn. the temperature 
d the further course of the disease remained afebH 
until tbe wtMind closed. The patient left his bed eighteen days 
after tbe operation, and since tbe resulting BraxmSe^uard's 
paralysis had alM> considerably iniprored. be was able after i 
little while to walk to tbe operating room, supported by a nu 
tu hare his dressings changed. Despite a certain weakness t 
rvinained. the patient could use his right lower limb to such an 
extent that about tbe middle of August he climbed stairs with 
:iiigfat support. In the foUowtng nxmtfas numerous small 
questra were thrown off, after wfaicli tbe wound in the ! 
remained ck*se<l. 
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Cerebral abscesses that owe their existence to suppuratire 
pTOttrsse* of tbe utitMle ear are of special significance. Th«- 
fni^uently result fnwi chronic otitic suppuratioDS. especially 
tbt.K$e ftHiits Mcnirring in crMutection with cbt>lesteattHiia. and as a 
cv«n:>eqiMtwv of actite inl]aumiatnr>* prixvi^ses of suppuratioti. A 
furthrr mu-*- i> ^mnd in th*** di>ea>e> that Wail to necivais of 
tbe Khk-> 5urn.HUHling the organ ot' hrarinu. and. therefov^ 
in L^teotiiyeliti:!^ The Kx-att^iii of tbe ahsf.-«.s of the bran m 
these c^tses tWpenJ-s entirely u^khi the >eat of tbe se^juesinHB 
in the petrtHts p*>rtKMi of tbe tt;in{H>raI IxMte. ai*.i tipoa tbe be 
of travel of the p*is frotii the midvile ear. It nay tv laid down 
as a tvif. that the teiiijvnil K>be usi,:alU Ux^wws infected 
tiuv«^ thf upper pairt of the tyinj»an!\- c-jt»ty 07 fr^xi\ the roof 
of tbe aittrtuii iiiasUiU(e«ni. while :iifevt^'*i ■•:' the cerebeUva 
iBwalhr prvvee«U frvni tbe nut^toki prvx^rss o( tbe ;etn[*>ral booe. 
Howe^ier. $uppuratikin in the |xxiterk*r fi»ssa of tbe skull mn- 
afco W wea^'oed thrv^igh the labyrinth, 

TV c&ieal picture a frt^mwtthr a^ bvfetinet tbit it ii 
dMfeuh tw say whether we are de^uig w;;h a :;wr/ii^t» or 
a cvfvbnJ aiwons^ l.uniNir puivtuw will i.wawt-f-jllv not 
always* ywW a ctx».iy. jHUMletit tfuki in cases o' '■ yf ngrtn. 
«Ue in ahwc^ of the biuin, the liqtKV will retuain ckar. Xt»- 
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mal temperature, absence of febrile manifestations, and some- 
what slow pulse of high tension, speak for abscess; rigidity of 
the neck for meningitis. 

It is often doubtful whether the suppurative focus is extra- 
dural or within the brain, and finally whether the cerebral ab- 
scess is located in the temporal lobe or within the cerebellum. 
Middle ear suppurations will cause further complications after 
they have affected the antrum mastoideum and tlie cells of the 
mastoid process of the temporal bone, by infecting the fossa 
sigmoidea, and thus lead to septic thrombosis of the sinus sig- 
moideus. At first headaches and rises of temperature may be 
the only symptoms of this severe disease imtil repeated chills 
produce the typical picture of pyaemia, leaving no room for 
doubt as to the correctness of the diagnosis, but then, as a rule, 
it is unfortunately too late. 

However, if the case be one difficult to diagnose, and if the 
symptoms point to a severe infectious process within the cranial 
cavity, it is at all times advisable not to delay an operation. 
Good operating can never hurt a patient, while procrastination 
is dangerous and may cost his life. 

I open all otitic abscesses of the brain by E. v. Berginann\s 
hicision which encircles the upper border of the auricle at a 
considerable distance, after which the mastoid process is chiselled 
open and the radical operation continued. This method affords 
ample room to reach the posterior surface of the petrous por- 
tion of the temporal bone nearly to the median line, should 
suppurative processes require such exposure. Should the ab- 
scess spread from this region and also infect the point of the 
pyramid, or be located to the front of the latter, it is only 
necessary to continue v. Bergmann's incision in that direction. 
This greatly facilitates the exposure. Most surgeons refrain 
from preserving the bone in extensive suppurative processes. 

We now reach the region that I have utilized in the extirpa- 
tion of the Gasserian ganglion. This temporal method exposes 
the entire middle fossa of the skull — to the back and the upper 
border of the petrous portion of the temporal bone. In those 
cases in which I intend to preserve the bone, I am substituting 
for V. Bergmann's incision, a rectangular cut the base of which 
is directed upward and above the auricle (compare Plate 




:thod permits us. if necessary, to advance 
lout sacrificing bone. 

irther on a series of examples that will illus- 
conditions clearly. 

Otitic Abscesses of the Temporal Lobe 
result from suppurative conditions in the tympanic cavi^ 
which is very frequently the seat of carious processes. If the 
pus breaks tlirough the teginen tympani, or should necrosis o^ 
the bones supervene, the pus will collect on the upper stirfa' 
of the petrous portion of the temporal bone, extradurally, and 
may lead to the formation of a temporal abscess. Abscesses ofj 
the temporal lobe are frequently situated close to the border o|1 
the occipital lobe. In this position, a form of amnesic aphasia, H 
known as optic aphasia, will result. Plate XLIII, Fig. b, 
shows a typical temporal abscess in a man twenty-four years 
of age. This patient was admitted to the Augusta Hospital in 
a somnolent conditicm and soon after his reception died. The 
autopsy (Professor Dr. Ocxtreich) showed the cerebral gyri fiat 
and the convexity as well as the under surface of the frontal 
and temporal lobes free from )ius. Only the region of the pons, 
the chiasma, and the medulla oblongata disclosed a purulent in- 
filtration of the arachnoid. Tlie cerebral substance and the 
dura in the posterior and lateral portion of the right middle 
fossa of the skull were strongly adherent. After aldation of 
the dura, the anterior portion of the pyramid nf the petrous 
portion of tiie temporal bone was seen to be very red, vascular 
and jjorous. The mucous membrane of the middle ear was ex- 
tremely red and hemorrhagic. The hone in the region of the 
labyrintli was carious and of a yellow color. The cerebral sub- 
stance in the region of Hie lowest convolution of the temporal 
lobe was a'dematous, and liarbored an abscess cavity the size of 
a hen's efi^. 

The arachnoid of the s])inal c(ird was thoroughly iufittrated 
■with pus, and the sulistancc of the cord showed a slight redness 
and was moist. The Internal organs showed nothing of im- 
portance except tliat the spleen was small. 

Diagnosis: Purulent cereliro-spinal mctiingitis: cerebral ab- 
scesses. 
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The following observation gives an example of a healed 
iibscess of the temporal lobe. 

OBSERVATION X, 4 

Suppuration of the Ear with Symptoms of General Cerebral 
Compression. Chiselling of the Mastoid Process of 
the Temporal Bone. Cerebral Puncture through the 
Exposed Dura, Negative. Continued Cerebral Pressure, 
Paraphasia, and Choked Disc on the Left Side. Opening 
of a Large Ichorous Abscess of the Temporal Lobe. Pro- 
lapsus of the Brain. Complete Cure for the Last Twelve 
Years. 

A woman, thirty-six years of age, was suffering for twelve 
years with middle ear disease of the left side that had become 
much aggravated within the last fourteen days. Four days 
prior to her admission to the hospital, her evening temperature 
was 39.5** C, while in the morning it did not exceed 37.5** C. This 
was accompanied by marked headaches. Severe vomiting-spells 
were added to the existing sjanptomatology, and the woman was 
admitted to the Hospital of Altona, on the 24th of July, 1899. 
She created the impression of a very ill patient and complained 
of most excruciating pains in the whole head. Morning tem- 
perature, 36.5** C, pulse 56, full and of high tension. 

Percussion of the head was painful only over the left mas- 
toid. A malodorous pus discharged from the left ear, and 
an indescribable fetor issued from the mouth. The left facialis 
was paralyzed, the sensorium was free and there was no vomit- 
ing and no rigidity of the neck. 

In my absence my first assistant proceeded to chisel open 
the mastoid in a typical manner, during which an ichorous pus, 
intermingled with necrotic particles of bone, was discharged. 
The dura mater, together wnth the sinus sigmoideus, were laid 
bare to an extent of a half dollar. Both of these structures 
appeared to be normal, and the somewhat tense dura showed 
distinct pulsations. Puncture of the brain was negative. Dur- 
ing the operation an ichorous pus was discharged from the 
mouth of the patient. 



ig (lay the licadaches were somewhat sligfatej 

but still hard and tense, and the temperature 

i latter rose only twice (in the evening) during 

entire period of observation; the first time, to 37.2" C, and 
the second time to Hl.H" C. Vomiting set in again an<l was ac- 
eonipanied by a diKtiiiet ]>araphasia and a eertain psychic disturb- 
ance — the attention of the patient conld not be engaged. On 
the folUming day, distinct choked disc was found on the left 
side; on the right, the fundus ocidi was practically normal. 
Since the paraphasia became more marked and the other symp- 
toms were not influenceil by the first operation, I tlioiight of the 
posftihility of an abscess in the left temporal lobe so deeply 
situated that it was not reached by the first pimetiire. and 
that the pus witliin it may have been s() thick that it could 
not be aspirated. 

I, therefore, operated again on the 20th of July, 1899; 
I', licrf/maiiri's incision (sec Fig. 4.5. Vol. I, p. 212, A B K M). 
The s(]uimioMs jtiii'tion of the temporal bone was exposed, and 
removed. Tlir jippearatice of the exixised dura was not 
ehaiigcd; it was very tense, and showed no pulsations. It was 
-split transversely to an extent of 4 em., and after protective 
tamponade of the subdural space (see Vol. 1, page 104), and 
witlioul [ireliminaiy puncture, the exposed portion of the 
temponil lobe was' also divi.icd near the base of tlie skull. 
An abseess cavity whs discovered only after the scalpel had 
penetrated to a depth of 2 em. The aiiseess was at least 4 em. 
in diameter. It contained tenaeioiis, stinking pus. from which 
slreptoeoeci. diploeoeei. and slmit :is wtll as long baeilli were 
gnnvn on culture media. 

l-'or four days after llils operation (lie syniptonis did not 
change; the high tension pulse still enntinued (.il) to (») beats 
|H'C minute). Soon lliereafter, however, the impro\eiiient was 
rapid and decided. On the I'Hth of .July choked disc still per- 
sisted, but on the "id of August it was receding, and the border 
of the papilla could at that time be diNtlnetly recognized. About 
the middle of August the papilhe were etjual on both "^ides. A 
cerebral pn>lapsus. ttie si/e of an apple, whieh had developed 
until that time receded again, so that alxiul the middle of Sep- 
tenil)er it was completely gone. On the UUh of September 
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the patient had gained five pounds and she was discharged from 
under our care. The paralysis of the facialis of the left side 
continued at that time unchanged, but in the following months 
it completely disappeared of its own accord (shown by an ex- 
amination on April 6, 1900). 

The diagnosis of cerebral abscess in this important case was 
made from the following symptoms: Headaches, high tension 
pulse, paraphasic disturbances, and choked disc. This symp- 
tomatology was added to the clironic suppurative otitis media 
during an acute exacerbation. Choked disc, the most important 
sign of increased cerebral pressure — occurs in cases of cerebral 
abscess on the side corresponding to the morbid focus. 

The paraphasic disturbances were of great importance. 
They pointed to an involvement of the sensory centre of speech 
(Wernicke) (compare Fig. 85, p. 427) ; the seat of the abscess 
was therefore necessarily in the temporal lobe. Two days after 
the opening of the abscess of the brain (28th of July), the first 
satisfactory examination of the patient could be made. The 
power of understanding of speech was retained, but there was: 
Complete absence of the recollection of pictures, of the sound 
of her name, of her residence and of her present abode; there 
was also the appearance of entirely incorrect pictures of words, 
and also an absence of word pictures of objects shown to the 
patient. She described them with wrong expressions. Only 
occasionally a correct name was uttered by her when a certain 
object was held before her. While we were dealing in this 
instance with focal symptoms which mainly pointed to an in- 
volvement of the sensory centre of speech, there were also symp- 
toms of general exhaustion and increased cerebral pressure, as 
shown by the great fatigue and striking apathy of the patient. 

Four days after the abscess had been evacuated (July 30th), 
a marked improvement in the condition of the patient was noted 
by her greater vivacity and the consciousness of her condition. 
She answered questions more correctly, but she repeated her 
words. She named objects shown to her correctly. It is a re- 
markable fact that the patient would leave out certain words 
when naming pictures shown to her, while words whicli she 
could not utter before, were now spoken with facility. Bizarre 




occurred, and the missing i 
were now correctly spoken, or tlie patient would say that sb 
(lid not know them. The general symptoms disappeared, whil 
the focal manifestations continued. 

On the 2d of August, the psychic condition of the patient 
was by far freer, and her comprehension was rapid and correct. 
The careful observer would discover that she would now utterj 
words which not long ago she did not recall, yet a certain de^^reefl 
of disturbance was still noticeable. To a number of questions^ 
she responded by saying: "I." Substitution of words was fre-l 
quently noted. At the examination on the 9th of August, thel 
patient was conscious of her affliction, and she took interest in 
its improvement. She frequently wrote down her impressions 
of her condition. It was remarkable, indeed, that such words 
as her own name, lier home, and her present abode, she could 
not utter; still objects held in front of licr and the meaning of 
pictures, .she named almost faultlessly. 

In the latter part of August, the patient could converse for 
a long time without any disturbances of speecli lieing noticeable, 
with the exception that now and then she would miss a word. 
Objects and pictures lield before her were invariably named 
correctly. Very marked improvement had taken place. It was 
plainly evident that the nervous elements damaged by the dis- 
ease had recuperated, and the function of those parts that had 
been completely destroyed were substituted by others through 
practice. A sliglit disturbance, nevertlielcss, persisted. On the 
6th of April, 1000 (eight months after the operation) the pa- 
tient told me that she would occasionally miss a word while 
speaking. This was especially marked when she wished to name 
certain kitchen utensils — she was the wife of a restaurant 
keeper. She knew what she wanted, to be sure, but it was diffi- 
cult for her to name the object correctly. However, during 
ordinary speech, and in reading, no disturbances whatever were 
noted. She would occasionally complain that while writing let- 
ters, thoughts would leave tier, and that she would write double. 
It is a well known fact, that in cases of sensory aphasia, the 
disturbance recedes after a number of months, and that even 
years later, defects may still be found in the understanding of 
words. Paraphasia, paragraphia, and paralexia are more stable. 
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In this patient the fundus oculi was normal in both eyes, and 
her visual power the same as before she became ill. 

In the last letter, dated April, 1911, she informed us of her 
complete recovery, and that not the slightest disturbances in 
speech existed Any longer. 

Multiple Abscesses of the Temporal Lobe 

It is an impprtant fact that temporal abscesses occasionally 
occur in multiple form. It is therefore of utmost importance 
to thoroughly expose the abscess cavity during the operation 
with dull retractors, and to carefully, examine all parts involved. 



OBSERVATION X, 5 

Chronic Suppurative Otitis Media with Cholesteatoma For ma- 
tion. Eleven Days After the Radical Operation, Txco 
Abscesses of the Temporal Lobe were Opened. They were 
Separated from One Another. Death from Pneumonia. 

The patient of this observation was operated on by some one 
on the 25th of May, 1906, for chronic suppurative otitis media, 
and a cholesteatoma was removed from the external auditory 
canal, at the same time. Nothing abnormal was observed in 
the beginning of the post-operative course of the case, but later 
on, an intracranial complication developed, and the patient was 
referred to me, on the 5th of June, for operation. When ad- 
mitted to the hospital, he was somnolent; his temperature was 
37** C. and the pulse 58 beats per minute. The wife of the patient 
informed us that the headaches which existed for the last four 
weeks on the right side, had of late become very much aggra- 
vated, and the patient was seen to constantly hold his right 
hand and move it back and forth over the right temporo- 
parietal region. The ophthalmoscopic examination showed a 
bilateral neuritis more marked on the right than on the left side. 
There was also a facial paralysis of the left side and a spastic 
paresis of the left arm, as well as spastic symptoms of the lower 
extremities that were more marked in the left leg. A diagnosis 
of abscess consequent to chronic middle ear suppuration (in the 
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right temporal lobe) was made. The symptoms were explained 
by an inflammatory oedema of the neighboring central region, 
in which the facial centre was greatly participating. 

The operation was undertaken at once — on the evening of 
June 5th. The dura was laid bare and opened in a typical man- 
ner, and about 2 cm. from the cerebral surface the aspirating 
cannula struck pus. An incision was now made, and at least a 
tablespoonful of thick pus, yellowish-green in color and very 
malodorous, was evacuated. The evacuated abscess cavity was 
now retracted and subjected to a thorough inspection, and about 
1 cm. away from the first incision, pus was again seen to issue 
from the cerebral substance, posteriorly and below. The ex- 
amining little finger discovered another cavity of similar size 
which was filled with the same kind of pus. Each of these ab- 
scess cavities had a depth of 4^ cm., measured from the sur- 
face of the brain. In order to widely expose the second cavity, 
the dura had to be split backward. ; The partition of brain tissue 
separating the two abscesses was about 1 cm. thick, and to in- 
sure better conditions for repair it was divided bluntly. The 
opening of both abscesses yielded at least 40 cm^. of pus. The 
large cavity was drained and packed lightly with iodoform 
gauze. On the morning following the operation, the sensorium 
of the patient was freer, and at times he was mentally clear 
enough so that he could recognize those about him. He an- 
swered questions, and directed the preparation of his food, etc. 
The total hemiplegia of the left side disappeared two days after 
the operation, so that he was able to move his arm and lower 
extremity fairly well and with considerable force. On the fol- 
lowing day, the facial paresis had also become less marked, so 
that the patient could point his lips to whistle. While all cere- 
bral manifestations were rapidly receding, the patient developed, 
on the fifth day following the operation, a pneumonia to which 
he succumbed three days later. Symptoms of meningitis were 
at no time present. 

The necropsy {Professor Dr. Oestreich) showed a bilateral 
pneumonia with flaccid myocardium, and the findings on the 
brain were as follows: The dura and the pia could be ablated 
with ease and both were free from deposits. Suppuration was 
found only in the field of operation. This corresponded 
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exactly to the region of the right temporal convolutions. In its 
immediate vicinity, the brain was greenish and showed a smeary 
•discoloration. There was a loss of substance of moderate 
depth; a partition divided it in the middle. It corresponded in 
all characteristics to a cerebral abscess. At the base of the tem- 
poral lobe, the suppuration crept along the cerebral substance 
to the extent of about 4 to 5 cm. No meningitis. 

Frontal section through the brain showed the abscesses com- 
pletely evacuated, and no liquid pus was present. However, 
very narrow, green strands of pus, springing from the super- 
ficial abscess, traversed the temporal lobe. The white substance 
•of the right hemisphere was very soft and oedematous; this 
caused the lumen of the ventricle to appear compressed. The 
abscess did not extend to the cerebellum, and the streaks of 
purulent deposit just alluded to did not invade the white sub- 
stance of the right temporal region. 

Otitic Cerebellar Abscesses 

I have stated before that suppurations in the ear may cause 
an infection of the posterior fossa of the skull by an extension 
of necrotic processes from the posterior surface of the petrous 
portion of the temporal bone, and also from the labyrinth and 
from the mastoid process. I recall the case of a man, twenty- 
seven years of age, who .was afflicted, since childhood, with a 
suppuration of the left ear, and in whom the focus of suppura- 
tion w^as found in the necrosis of a piece of bone, the size of a 
nickel, in the posterior part of the petrous portion of the tem- 
poral bone, in the region of the Fallopian canal ; the facial nerve 
had been damaged. . The abscess was about the size of a walnut, 
and it lay in the section of the cerebellum corresponding to the 
point of necrosis of the bone, at the angle between the tentorium 
cerebelli and the petrous portion of the temporal bone. Otitic 
cerebellar abscesses, as a rule, involve the anterior lateral sec- 
tion of the corresponding hen^isphere. The lower wall of the 
tympanic cavity adjoins the fossa bulbi jugularis, and this 
anatomic fact demonstrates the ease with which suppurations 
extend into this region (compare also chapter on Thrombo^ 
phlebitis, p. 887 ) . 

How difficult a diagnosis is rendered when extradural 
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abscess, meningitis serosa, and cerebellar and temporal lobe 
abscesses affect the same patient, teaches the following observa- 
tion. 



OBSERVATION X, 6 

Chronic Middle Ear Suppuration with Sudden Onset of Severe 
Cerebral Manifestations. Extradural Abscess. Menin- 
gitis Serosa. Cerebellar Abscess Opened Three and a 
Half Weeks Later. Death Eleven Days After from 
Purulent Meningitis and Cortical Abscess of the Temporal 
Lobe. 

On the 7th of June, 1907, a student, twenty-four years of 
age, was admitted to the Augusta Hospital with a statement by 
his physician that, within the last twenty-four hours, the chronic 
suppuration of the middle ear with which he was afflicted, had 
developed threatening manifestations that indicated an endo- 
cranial accumulation of pus. The patient was of strong build, 
and lay in bed apathetic and sonmolent, with his eyes half 
closed. Until the day before his admission he pursued his 
studies despite his ear trouble. Violent headaches, vomiting 
and vertigo then set in. On the evening before he was admitted,, 
the patient could no longer sit up ; and it was difficult for him 
to lie on the left side. When he attempted to turn in bed, he 
immediately vomited. 

The examination of the right auditory canal showed a mod- 
erate suppuration combined with swelling and narrowing. This 
state of affairs did not permit a complete inspection of the ear- 
drum. It was also impossible to make an exact examination of 
the hearing of the patient. The power of hearing on the right 
side, however, was suspended, while bone conduction was 
mainly limited to the right. The region of the mastoid was not 
swollen and insensitive to pressure or percussion. Percussion 
and pressure of other parts of the skull proved also negative. 
The right eye did not . reach the extreme lateral position on 
looking to the side. Diplopia was not present. All move- 
ments of the eyes were accompanied by nystagmus. The ex- 
amination of the fundus ocuH, the trigeminus and facialis. 
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showed no deviations from the normal. The uvula deviated to 
the right, the soft palate was arched equally on both sides, and 
the tongue did not deviate one way or the other on protrusion. 
The patient answered questions in a nasal tone of voice and 
with great hesitancy. When we attempted to put him in the 
erect position in order to turn him to the left side, he grasped 
the right occipital region and complained of severe pains. This 
was accompanied by choking. There was no rigidity of the back 
of the neck, and his abdomen showed scaphoid retraction. His 
temperature was 37^ C. His pulse was somewhat tense and 
fluctuated between 54 and 60 beats per minute. There were no 
differences in the motility, sensibility, and the stereognostic 
sense of both lateral halves of the bod v. All reflexes were con- 
siderably exaggerated, and there was ankle clonus and the 
Babinski and Oppenheim phenomena were present. 

The threatening general manifestations indicated an imme- 
diate operation. After inserting Heidenhain's deligations, an 
osteoplastic flap was formed above the external ear, with its 
base directed upward. Immediately upon its completion, and 
after a teaspoon ful of pus was evacuated over the border of the 
petrous portion of the temporal bone, the entire sinus mas- 
toideus and its point of junction with the sinus transversus Mere 
freely exposed. An extradural abscess was found in this region. 
The bone was now chiselled away, until no more pus w^as seen 
underneath the detached dura. The sinus itself was covered 
with smeary granulations, and its contents could be evacuated 
M'ith light pressure from the finger. The mastoid cells were laid 
bare, but no pus was found within them. The opening of the 
antrum, however, showed a somewhat purulent secretion. 

Since the dura covering the temporal lobe was very tense, 
an aspirating needle was passed through it, and at least 10 cnl^ 
of a clear serous liquor was evacuated through it under con- 
siderable pressure {meningitis serosa). The cannula was now 
introduced deeply into the frontal brain, but neither fluid nor 
pus could be aspirated. Punctures of the cerebellum were also 
negative. The patient was dressed and put to bed. 

Immediately after the operation, the pulse mounted to 120 
beats per minute, while the temperature declined to 37° C. From 
the third day on and for a week following the operation the 
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evening temperature usually fluctuated between 37*^ and 37.5^ C, 
after which it continued at 37® C. The pulse became slower (two 
days after the operation ) and in the following days it fluctuated 
between 70 and 90 beats per minute. The patient complained 
of pains in the wound, only on the day of the operation, and 
eight days later pains continued in the left frontal region. 
After the operation, the sensorium of the patient became freer, 
and there was a marked improvement in the vertigo. His 
speech became remarkably improved during the first week fol- 
lowing the operation. However, for weeks after the operation, 
the patient was affected with sudden vomiting that would occur 
immediately upon arising in the morning, or, without any cause, 
at any time during the night or day. The nystagmus disap- 
peared on the fourth day following the operation; the exag- 
gerated reflexes became slighter, and for days at a time the 
Babinski and Oppenheim signs could not be elicited. The gen- 
eral condition of the patient markedly improved after the 
operation; he ate with good appetite, and was not somnolent. 
After fourteen days, he read books on philology, and his speech 
was clear throughout. It was remarkable that the patient de- 
veloped a certain talkativeness that gradually increased. His 
speech was mainly nasal, and at times the articulation of words 
was indistinct or intermingled with double syllables. 

An ophthalmoscopic examination, made on the 22d of June, 
showed, for the first time, the papillae slightly reddened, and 
the veins dilated and tortuous. Both papillae appeared some- 
what prominent. The relatively good condition of the patient 
•continued until the 1st of July. On the evening of that day it 
struck his attendants that he was somewhat confused. About 
half past nine, on the following morning (preceded by a quiet 
night), the patient became gradually confused; he lost his 
senses, and spoke incoherently. His temperature was normal, 
and the pulse 98. There was a striking pallidity of his face, 
and his respirations were somewhat accelerated. His pupils 
were widely dilated, and reacted to light and convergence slug- 
gishly. An optic neuritis, with blurred papillary border and 
marked redness, was noticeable especially in the right eye, while 
in the left, the neuritis was less marked, but here the veins were 
very tortuous, and the papilla was distinctly prominent. Both 
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eyes could now be moved in all directions without tremors and 
to the extreme lateral position. The corneal reflex was present 
on both sides, but on the left it was somewhat livelier than on 
the right. The sensibility of the face could not he tested on ac- 
count of the stupefaction of the patient. The motor portion 
of the trigeminus was somewhat weaker on tlie right than on 
the left side. This was shown by a distinct deviation of the 
lower jaw to the right, when the patient opened his mouth. 
There were no differences in the tension of the muscles of mas- 
tication. With reference to the facialis, its right lower branch 
showed weaker innervation while the patient was speaking. An 
examination of the sense of hearing could not be made. The 
tongue now strongly deviated to the right on protrusion. The 
speech of the patient had a nasal tone, and test-words could not 
be uttered correctly. Almost all words of more than two syl- 
lables were senselessly interchanged. Words spoken before the 
patient were repeated well. He answered questions in an in- 
coherent, confused manner, but spoke lively. AVhen asked if 
he perceived vertigo, he said, "Yes"; yet he was unable to de- 
scribe the sensation. His gait could not he tested. Abnormal 
tension or flaccidity of the joints could not he demonstrated. 
All tendon periosteal reflexes were lively. Patellar and ankle- 
clonus were present on both sides. The Bahin^hi and Oppen- 
heim phenomena were present. The finger-touch-nose-test was 
executed without ataxia. 

The sudden stupefaction, the frequent vomiting and choked 
disc, together with the. weakness in the regions of the right tri- 
geminus and facialis in connection with the spastic-degenerative 
manifestations from the pyramidal tracts, pointed to a focus in 
the right cerebellar hemisphere. Taking into consideration the 
preexisting suppurative disease of the ear, an assumption of the 
development of an abscess of the right cerebellum was justi- 
fiable. In order to evacuate it, an extensive osteoplastic flap 
H-ith downward base was fashioned over the right occipital emi- 
nence, after first inserting Heidenhain's deligations. This 
resection was separated from the previous cleft by a lamella of 
bone, barely 1 cm. in width. The old field of operation was cov- 
ered with clean, healthy looking granulations, which covered the 
knee of the simis transversus. The dura of the right cerebellum 
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and visual paralysis to the right could be demonstrated. There 
was a decided bilateral optic neuritis. 

Since all these manifestations as well as the stupefaction in- 
creased in intensity, the malodorous softened masses of the cere- 
helium were removed with the finger on the 11th of July (nine 
days after the opening of the abscess), and the entire defect 
was packed with moist, iodoform gauze. Punctures of the tem- 
poral and occipital lobes were negative. The patient died on 
the 18th of July under increasing somnolence. 

The post-mortem examination made by Professor Oestreich 
showed a suppurative meningitis and a cortical abscess in the 
temporal lobe. The arachnoid of the convexity of the brain 
appeared grayish-white in many places, and it also showed many 
jellylike, yellowish infiltrations (beginning suppurative infiltra- 
tions). At the base of the brain, especially in the region of the 
pons, extensive suppurative infiltrations were found in the 
arachnoid. The right cerebellar hemisphere was softened, the 
opening made uito it during the operation was present, but no 
other abscesses. 

Between the dura mater and the arachnoid on the right side 
in the middle fossa of the skull a very slight hemorrhage M'as 
present. An oblong, small cortical abscess was found in the 
adjacent white substance of the right temporal lobe. The 
sinuses were free from thr()ml)i. The internal organs showed 
no abnormalities except that the spleen was somewhat hy- 
perffiinic, soft, and hypoj)lastic. 

Extradural Otitic Abscesses 

Infection from the middle car mav also lead to extradural 
accumulations of pus without involving the brain itself. The 
symptoms in these instances are similar to those of cerebral 
abscess, so that a differential diagnosis is generally well nigh 
impossible. In trephining, we should, therefore, make it a prac- 
tice to at first detach the dura of the middle or the posterior 
fossa of the skull, as the case may be, from the petrous portion 
of the temporal bone, for some distance, in order to expose 
(extradurally) the vicinity of the tegmen tympam" and the 
upper semicircular canal or that of the poms acusticus in- 
temus. Since it is a fact that the fossa sigmoidea is sul)ject to 
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easy infection, the writer makes it a practice to lift the sinus 
sigmoideiis from the sulcus mastoideus for the purpose of ex- 
amining the posterior surface of the petrous portion of the tem- 
poral bone. For the above procedure and the examination of 
the superior and posterior surfaces of the petrous portion of the 
temporal hone, it is important that a rim of bone corresponding 
to the superior border of the petrous portion of the teuiporal 
hone be preserved; it acts as a sort of rafter and prevents the 
caving in of the breaches made by the trephine. 



OBSERVATION X, 7 

Otitis Media FoUotcing Measles. Chiselling Open af the Mas- 
toid Process of the Temporal Done. Radical Operation. 
Meningitis Serosa in the licgion of the Temporal lAihe. 
Extradural Abscess on the Posterior Surface of the Pe- 
trous Portion of the Temporal Bone Extending to a 
Depth of 78 mm. Cure. 

A boy, nine years of age, became afflicted with double mid- 
dle-ear inflanmiation during an attack of measles. The left 
ear healed compietely after a paracentesis of the eardrum, while 
on the right side. Dr. Jansen had to chisel open the mastoid on 
the 2d of May, 1902. After this operation the patient became 
afebrile. The wound was in good granulating condition and 
the temperature normal, when, on the 20th of May, it suddenly 
mounted to .^8.3° C. and continued at this height in the following 
days. The boy complained of frontal headaches that were 
limited to the right side. Percussion and pressure showed no 
sensitiveness on any part of the skull. The surroimdings of 
the right eye were somewhat swollen. This was accompanied 
by a slight degree of rigidity of the neck which became more 
marked on the 22d of May, and on the same afternoon the pa- 
tient also complained of occasional double vision. 

On the afternoon of the 28d. a right-sided abducens paresis 
set in, while the ophthalmoscopic examination was negative- 
The frontal headaches, that were exclusively limited to the right 
side, became so violent on that afternoon that the boy constantly 
moaned, and his sensorium became cloudy; however, pain on 
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pressure of the skull did not exist. Until then the appetite of 
the patient was tolerably good. He was etherized on the 
;J.5th, and Dr. Janscn examined the granulating cavity and 
scraped out the spongy granulations which were tilling it. A 
slight retention of pus was discovered corresponding to the point 
of the mastoid, and also in the tegmen tympani which was 
very thick and hard, and the vessels were remarkably turgid. 
The dura mater was hypenemic. It did not pulsate, but was 
otherwise free. Puncture of the signioideus evacuated blood, and 
tlie puncture of the temporal lobe yielded clear cerebro-spinal 
liquor. There existed, therefore, a serous infiltration of the 
brain and the membrane covering it. 

On the morning of the 26th, the condition of the patient was 
perhaps somewhat better; the rigidity of the neck was some- 
what slighter; the temperature, on the other hand, rose in the 
evening to 36.7° C, and the frontal headaches of the right side 
and the paralysis of the abducens persisted, associated with photo- 
phobia. During the change of dressings on the 27th, a large 
quantity of pus was evacuated from the region of the tube, and 
Dr. Jansen completed the radical operation on the 28th of Slay. 
He removed the malleus and the incus, curetted the opening of 
the tube with a sharp spoon, and packed tlie cavity with iodo- 
form gauze. After this procedure, the temperature fell, and 
on the evening of the day of that operation, it was 37.8°, and 
on the following morning 37.5° C; pulse 112 and 100. On the 
next morning, the condition of the patient was much improved. 

On the evening of the 29th, however, he became worse again 
and at nine o'clock, his temperature rose to 39.2° C. and the pulse 
to 140. The boy was very restless and uttered loud cries 
whenever he was spoken to or touched. The paralysis of the 
abducens continued unchanged, and the eye could be moved 
only to the median line. On the same evening, a slight paresis 
of the rectus internus nmscle could be demonstrated. The oph- 
thalmoscopic examination showed no changes. Percussion of 
the skull showed it to he painful on the left side and in the 
anterior parietal region, but in no other place. The excrucia- 
ting, right-sided frontal headache continued, yet neither pres- 
sure nor percussion of the forehead caused pain. There was a 
marked photophobia and rigidity of the neck. The pulse was 
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of good tension, and the abdomen not retracted. The tak- 
ing of liquids was satisfactorv', and the bowels of the patient 
moved daily. On the morning of the 30th of May, his condition 
was about the same — temperature 39.(J'' C, pulse 140. 

Since the course of tlie disease caused nie to suspect the ex- 
istence of suppuration in the depths, I proceeded, assisted by 
Dr. Janseti, on the 30th of JMay, to open the cavity of the skull. 
Tlie middle fossa was exposed by means of v. Bergmann's flap- 
formation. The dura was very tense and showed no pulsations. 
It was thoroughly washed off with bichlorid of mercury, and a 
medium sized cannula wa.s. introduced into the temporal lobe to 
a depth of 3 cm. Aspiration evacuated a shght quantity of 
liquor, the microscopic examination of which showed it to be free 
from round cells. While the cannula was being withdrawn, a 
stream of clear liquor of considerable quantity projected from 
the puncture made in the dura {meningitis serosa). 

The dura was now bluntly detached from the tegmen tym- 
pani and tlie superior surface of the petrous portion of the 
temporal bone. The same modus was practised as in extirpa- 
tion of the Gmserian ganglion. The ablation of the dura was 
extremely difHciilt. It was very thin, and special care had to be 
exercised. Tlie brain, togetlier with the intact dura, was now 
slightly lifted with a spatula, but no pus could be seen as yet, 

I now carefidly worked my way to the eminence of the upper 
semicirciUar canal and to the hiatus canalis Fallopia? and was 
able to follow the nervus petrosus superficialis, entering into the 
ganglion geniculi for a distance of about 1 cm. medianward. 
Only after the dura was lifted from the superior border of the 
petrous portion of the temporal bone in the depth, during which 
the sinus petrosus superior was torti and gave rise to a consider- 
able transient hemorrhage, and after I had reached the posterior 
surface, a small quantity of pus was seen issuing from this 
region. The dura was now detached from the posterior sur- 
face of the petrous portion of the temporal bone, to a consider- 
able extent, and this led into an extradural abscess cavity which 
contained quite a large quantity of pus of a creamy consistency. 
The cavity extended to the front for a considerable distance, 
below and medianward toward the bulbiis vena; jugularis, and 
for a still greater distance, to the meatus auditorius internus. 
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We were entirely unsuccessful in exposing the fossa jugiilaris, 
the acusticiis or the facialis. 

Upon lifting off the dura, a small granulating spot was seen 
in the depth on the posterior superior border of the petrous por- 
tion of the temporal bone from which pus was oozing. Below 
this spot, a small necrotic area of bone was found on the pos- 
terior surface of the petrous portion which was evidently the 
cause of the abscess. A narrow fistula connected it with the 
antrum. The overhanging border of bone was now removed 
with a narrow chisel, and this opened a cavity at the border of 
the petrous portion of the temporal bone from which a large 
quantity of pus was evacuated. The sound extended very 
deeply in the posterior wall of the petrous portion. Further 
chiselling away of the overhanging border of bone rendered the 
abscess cavity in the posterior fossa of the skull accessible. It 
was sho\^^l to extend downward and medianward toward the 
internal auditory canal and the biilbus jugularis for a coTisid- 
erable distance. The median line of the abseess cavity cor- 
responded to about the place wliere the abduceris continues 
forward over the superior border of the petrous portion of the 
temporal bone. 

Since no more pus was found in the depth, the length of the 
cavity was measured with the sound. It was 7.8 cm. from the 
surface along the superior border of the petrous portion of the 
temporal bone. In order to reach the limit of tlie abscess cavity, 
I had to progress medianward, to a distance of '2.G cm. from 
the projection of the superior semicircular canal. A medium 
sized drain was now introduced and the large abscess cavity 
packed loosely with iodoform gauze. The operation lasted 
about two hours, and the patient was returned to bed, with a 
fairij- strong pulse of about 120 beats per minute and without 
symptoms of collapse. 

The further course of the disease was excellent. While on the 
31st of May. the temperature was 39.6° C. and the pulse ranged 
in the neighborhood of 140 beats per minute, from the 1st to 
the 4th of June they were 38..')'' C and about 108, respectively. 
From the 5th of Jime, the temi)erature ranged between 36.8° 
and 37.5° C, and the pulse fluctuated between 84 and 92 beats 
per minute. At each dressing (every other day), the deepest 
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parts of the wownd were exposed to view with the spatula. 
However, while dressing him, the patient had to be placed under 
superficial ether narcosis on account of great pain occasioned by 
the tamponade. This was continued for three weeks. On the 
3Ist of May, no more pus was present, and the dura pulsated 
in a normal manner. 

The abducens paralysis was less marked as early as on tlie eve- 
ning of the operation. The eye could be slightly moved over the 
median line. The photophobia had somewhat decreased, the gen- 
eral condition of the patient was better. The frontal headache 
completely disappeared. The boy complained of no pains what- 
ever, except that on questioning him, he stated that the right 
ear hurt. On the 31st of May he perceived sliglit rigidity of the 
back of the nc-ck. His general condition, however, was very 
good. He assumed a bent position toward tlie right side and 
he kept his head in this attitude despite the fact that it caused 
his head to be turned to the window, and the photophobia, while 
not so marked as before the operation, was, nevertheless, de- 
monstrable. He was annoyed by the forced position. The atti- 
tude to the riglit persisted for a few days. 

On the 1st of June the boy was still weak, but he answered 
all questions quickly and without hesitation. All he complained 
of was rigidity of tlie back of tiie neck when he moved his 
head. The photophobia had almost completely disappeared and 
the paralysis of the abducens was by far less pronoimced than 
heretofore. Outward movement of the eye caused the lateral 
border of the cornea to reach a point about 2 to 3 mm. distant 
from the canthus externus. The patient slept quietly and on 
the 2d of Jime the rigidity of the back of the neck had almost 
completely disappeared. 

On the -itli of June, a slight paresis of the lower branch of 
the facialis set in which gradually increased until the 9tli of 
June, at which time it had also involved the upper branch. It 
then gradually disappeared together with the paresis of the 
abducens. The boy left the bed about the end of June. He 
gained about three pounds in weight, and by the 14th of July 
he had gained eleven more pounds. At that time, the wound 
in the skull had completely cicatrized. 

The patient remains cured for the last nine years and 



Extradural Otitic Abscesses 875 

•does not complain of the slightest subjective symptoms. The 
scar in the skull is narrow, and with the exception of a small 
anterior section of it, it is within the hair line: posteriorly, it is 
covered by the external ear which is closely applied to the side 
of the head. In the region of the defect of tlie bone which is as 
wide as a thumb, the skin is at no higher level than the rest of 
the skull, and it is not retracted. Cerebral pulsations are dis- 
tinctly visible and palpable. The patient is able to hear words 

.spoken in a whisper for a distance of over 1 metre. 

In this case, many symptoms are of importance. Suppura- 
tion in the region of the posterior surface of the petrous portion 
of the temporal bone may cause a rigidity of the hack of the 
neck. Tliis disappeared tliree days after the pus had been 
■ evacuated. 

The paralysis of the abducens is easily explained by the close 
relationship of the nerve to the phlegmonous abscess. I had to 
-advance 26 mm. medianward from the projection of the supe- 
rior semicircular canal to the upper border of the petrous por- 
tion of the temporal bone, in order to reach the limit of the 
suppuration. At this depth, we find the abducens coursing to 
the front, over the point of the pyramid of the petrous portion 
to the middle fossa of the skull. In this instance, the inflam- 
matory oedema which is always present in the region of septic 
suppurations lias sympathetically affected the nerve. Soon after 
the evacuation of the pus, however, the paralysis rapidly dimin- 
ished (it was less marked as early as on the evening of the 
operation), but it took a number of weeks before function 
was completely restored. 

It is noteworthy that in this case a symptom developed after 
the operation which is frequently observed in morbid processes 
of the posterior fossa of the skull, i.e., the turning of the head 
and the body to one side (in this case, to the affected side). This 
manifestation was more striking for the reason that the boy was 
compelled, by reason of this forced attitude, to look directly 
into the light of the window, although there existed a continuous 
photophobia after the operation. This symptom disappeared 
.after a few days. 

The spontaneous frontal headaches which were limited and 
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persisted on the right side seemed to be of diagnostic impor- 
tance. Pressure and percussion over the entire skull was not 
perceived by the patient as painful, with tlie exception that, on 
the evening preceding the operation, he complained of pain 
when his left anterior parietal region was being percussed, while 
the abscess was located on tlie right side in the posterior fossa of 
the skull near the median line. The statements of the boy were 
very reliable, because he did not exaggerate; on the contrary, he 
tended to belittle his sufferings. The bilateral frontal head- 
ache may be explained by the following anatomic conditions. 

The tentorium cerebelli is inserted into the upper border of 
the petrous portion of the temporal bone and encloses here the 
sinus petrosus superior. It is innervated by the ramus rcciir- 
rens Arnoldi of the first branch of the trigeminus. According 
to Arnold, this recurrent branch also supplies with a few very 
fine fibres the wall of the sinus petrosus superior. The dura 
mater is innen'ated in the region of the anterior fossa of the 
skull and in the frontal territory by the ramus meningeus an- 
terior of the nervus ethmoidalis that also springs from the first 
branch of the trigeminus. The suppuration in this case was 
very close to the point of iTisertion of the tentorium cerebelli 
to the superior border of the petrous portion of the temporal 
bone, and the nerve fibres coursing here were irritated by the 
suppurative process which also explains the transfer of the irri- 
tation to other branches of the same nerve (trigeminus I). This 
explanation is supported by the fact that as early as on the even- 
ing of the operation, the unilateral headache had disappeared to 
recur no more. 

The assumption that, similar to the abducens, the trunk of 
the trigeminus, which is in close relation to it (laterally) and 
runs over the superior border of the petrous portion of the tem- 
poral bone in its course to the cavum Meckclii, would also be- 
come sympathetically affected, is here justified. However, if 
the tnnik of the trigemirms were irritated, the pains would not 
be located and persist in the one particular region exclusively 
(frontal area). They would be perceived by the patient in a 
number of places or perhaps in the entire distribution of the 
trigeminus, and would not be confined to one particular ana- 
tomic focus as was the case in this patient. 




MwilnsMs SerttM ex Otitkte 

Besides cerebral, cerebellar, and extradural processes of 
suppuration occurring in otitis media, acute circumscribed col- 
lections of liquor cerebro-spinalis may also result in connection 
with suppurations of the middle ear and in the neighboring 
osseous structures. These may be under hi^ pressure and may 
restrict the space within the closed skull, like a neoplasm or an 



I am of the opinion that this process is nothing more than 
an inflammatory cedema that may be secondary to a pus focus. 
It may give rise to all clinical manifestations of a septic menin- 
gitis or cerebral abscess. The operation will, as a rule, imcoVer 
a suppurative process in the cavum tympani, in the antrum or 
the mastoid cells, or perhaps a perisinuous extradural abscess. 
The exposure of the temporal lobe or the cerebellar hemisphere 
by the trephine will show marked tension of the dura and no or, 
perhaps, barely visible pulsations. Cerebral puncture will dis- 
cover no pus, but a clear liquor that will issue under strong 
pressure from the openings made with the cannula. Since oper- 
ative removal of all affected tissues may bring about the dis- 
appearance of all cerebral manifestations or even a cure, as I 
have seen it to be the case in a number of instances, we are 
furnished with proof that, as a matter of fact, we were not deal- 
ing with a cerebral abscess. At other times again, the punctures 
may not be sufficient and in that event the dura will have to be 
opened, which is best accomplished by the formation of flaps. 

The clinical picture is in these cases analogous to a condition 
of meningitis serosa spinalis of which I shall speak when dealing 
with the surgery of the spinal cord. Besides the chronic form 
there also exists, in these cases, an acute variety which is brought 
about by suppurative or necrotic processes of the bone of the 
arches or bodies of the vertebne. 

The following observation offers an example of meningitis 
serosa of the posterior fossa of the skull. It also teaches that a 
suppurative process of the temporal lobe may occur in com- 
bination with the former. 
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OBSERVATION X, 8 

Otitis Media. Paracentesis of the Ear-Drum. Chiselling Open 
of the Mastoid. Abscess of the Temporal Lobe Opened 
Three Months Later. Apparent Cure, Outside of Slight 
Manifestations. Six Months Later, Symptoms of a Fluc- 
tuating Character Pointing to the Right Cerebellum. 
Meningitis Serosa. Cure. 

The patient was a girl nineteen years of age. Family his- 
tory, negative. Two years prior to her admission to the hospi- 
tal, she was operated on for perityphlitis. From that time on 
there existed obstinate constipation. On the 25th of Septem- 
ber, 1909, she became ill with violent pains in the right ear. 
Three days later her physician incised a swelling in the region 
of the mastoid process of the temporal bone. No pus was 
evacuated at that time, and symptoms of suppuration of the 
middle ear were absent. When the patient was admitted to the 
Augusta Hospital (2d of October, 1909), she complained of 
violent pains in the entire right occiput and of vertigo. The 
right ear-drum was prominent, injected and pulsating. The 
soft tissues of the neck were doughy in consistency and swollen 
from the right mastoid to about the middle of the sterno-cleido- 
mastoideus. A healthy looking incised wound, about 8 cm. 
long, was found at the upper point of insertion of that muscle. 
There were no signs of thrombosis of a sinus or of the jugular 
vein. The right mastoid was extremely sensitive to touch and 
percussion. 

A diagnosis of acute otitis media and mastoiditis was made. 
Paracentesis of the drum was performed on the 2d of October, 
and a few drops of pus were evacuated. The right mastoid was 
also chiselled open, and its cells as well as the antrum were 
found filled with pus. The sinus mastoideus was visible for a 
short distance in the upper portion of the wound. It was not 
thrombosed. The dura showed a grayish-green discoloration. 
The cavities of the bone were thoroughly cleansed, and the 
wound packed. The symptoms abated, and the temperature 
fell. 
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The wound healed gradually, and the pains in the ear dis- 
appeared. Slight rises of temperature persisted; occasionally 
-as high as 38" C. (evening). From time to time, tlie patient 
was somewhat stupefied, and she complained of dizziness. This 
was occasionally accompanied hy vomiting, which was attributed 
to a chronic disorder of the stomach, from which she was suf- 
fering. She had been afflicted with total achylia gastrica accom- 
panied by obstinate constipation for a long time. Symptoms of 
meningitis were absent. Repeated examinations of the fundus 
■oculi showed no changes whatever. The movements of the eyes 
were free, witliout nystagmus. When the patient was looking 
downward, she had a sensation as if everything Avere whirling 
around her from left to right. In the following weeks, these 
manifestations, especially the vertigo, regressed, so that in the 
beginning of November, the patient was able to leave the bed, 
and on the 23d of December, 1909, she left the hospital. 

On the 27th of January, 1910, the patient was readmitted to 
the hospital in a critical condition. She complained of very 
violent pains in the whole head. She became dizzy and vomited 
at the slightest movement of the head. The region over the 
right ear was highly sensitive to touch and percussion. The 
fundus oculi was now also normal, and the pupils reacted 
promptly. There existed, however, a coarse nystagmus that 
was especially marked when the patient was looking to the right. 
There was also a weakness in the left arm and in the left lower 

[ extremity and a considerable exaggeration of the left knee- 

I phenomenon. 

I These findings, coupled with the anamnesis, caused us to 

I suspect the existence of a temporal abscess. On the 28th of 

January, 1910. the patient was trephined in the left temporal 
region, in the usual manner. The dura was found tense and it 
did not pidsate. A flap of dura was formed, and the pia- 
arachnoid showed a milky cloudiness, and was cedematous. 
After protective tamponade, puncture between the base of the 
■central region and the temporal lobe at a depth of 3^/^ cm., 
yielded 12 cm^ of an inspissated, cloudy, sanguinolent fluid. 
The cortex cerebri was now incised in this place, and a mediuui 
sized rubber drain, from which a few drops of puriform liquor 
trickled away, was inserted. Since the abscess was compara- 



880 The Surgery of the Brain 

lively small, and reiiienibering the occasional occurrence of 
multiple foci of suppuration (see Observation X, 5, p. 861), I 
punctured the lobus temporalis in various directions. The 
punctures were negative. The wound was now packed, and the 
osteoplastic flap replaced. A few days later, drainage from 
the ttibe ceased, and the tube was removed. A cerebral pro- 
lapsus, the size of an apple, was now present, and the vertigo 
and inclination to vomit had almost completely disappeared. 
Two weeks later the nystagmus was also gone. Soon thereafter, 
the patient was able to sit up in bed. and after a little while, 
she could get up and walk about, and in the beginning of Jlay, 
the cerebral prolapsus had regressed so far that the trephine 
opening could be completely closed. The granulations were 
removed together with a strip of necrotic bone which was found 
at the border of the flap, after which the latter was sutured into 
the cleft (4th of May, 1910). On the 19th of May the patient 
was discharged cured. 

About the end of June, 1910, she came back to the hospital. 
At this time, she complained of hissing and knocking noises in 
the head, especially in the region of the right ear, and of occa- 
sional nausea and vertigo. H. Oppenheim examined the pa- 
tient and found besides adiadochokinesis of both hands and 
exaggerated tendon phenomena of both arms and lower ex- 
tremities, nothing pathologic. There were neither nystagmus 
nor ataxia, and the fundus oculi was also normal. Tlie patient 
remained in bed for eight days, after which all subjective mani- 
festations disappeared. She then left the hospital, but returned 
fourteen days later with similar manifestations. Despite the 
few objective symptoms that resembled those mentioned above, 
we were forced to assume (consultation witli Professor Oppen- 
heim) the existence of a morbid process in the right posterior 
fossa of the skidl (abscess, meningitis serosa). On the 20th of 
July, 1910, a hole was drilled in the region of the right cerebel- 
lar hemisphere, and punctures were carried out in all directions, 
but without result. We therefore concluded to abstain from 
any further operative manipulations, and at the end of .Tuly the 
patient was sent to a sanitarium. The physicians of that insti- 
tution attributed all morbid manifestations to hysteria. It must 
be mentioned, however, that of late, the patient showed great 
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irritability of temper, and she was somewhat exalted. On the 
26th ot' August, she left the sanitarium and returned to the 
home of her parents. 

In the course of the following weeks, during which time the 
patient frequently visited the hospital and was examined by 
H. Oppenheim, there developed symptoms which spoke more 
and more for a morbid process in the region of the right cere- 
bellar hemisphere. These were mainly: excruciating headaches 
in the right occiput; nystagmus when she was looking to either 
side; and cerebellar ataxia. On the 9th of September, 1910, the 
patient was admitted to the hospital, and on the 14th of Sep- 
tember the right and a small median border of the left cerebellar 
hemispheres were exposed in the usual manner. Upon opening 
the tense dura of the right side, a stream of clear liquor was 
ejected. After the flap was fashioned, the pia-arachnoid was 
found strongly oedematous; this was especially marked in the 
region of the vermis. The oedema was removed by punctures 
and incisions into the meshes of the arachnQid. After the aspi- 
rating needle was withdrawn, a cyst, about the size of a hazelnut, 
formed again in the region of the vermis, so that considerable 
arachnoid structure had to be taken away. A large quantity of 
liquor was evacuated also from below (vertebral canal). A 
careful inspection of the region of the right cerebellum, during 
which the facialis and acusticus were rendered distinctly visible, 
showed nothing of a pathologic nature. Palpation and numer- 
ous punctures of the cerebellum were also negative. The find- 
ings were those of a meningitis serosa. The osteoplastic flap 
was replaced, and after repositing the dura, it was sutured into 
position. No drainage. 

A few days after the operation, the headaches, nystagmus, 
vertigo and ataxia had completely disappeared. The general 
condition of the patient also remarkably improved, so that, on 
the 22d of October she was discharged cured. 

The cure of the patient was permanent, and she was able to 
work as before. 

On the 25th of April, 1911, a folding-door fell on her head 
exactly over the right cerebellar hemisphere. This was fol- 
lowed by a recurrence of the previous disturbances: headaches, 
marked vertigo, and occasional vomiting. She was admitted 
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again to the hospital on the 80th of May. No external injury 
was found. The trephined area over the right cerebellum was 
somewhat bulging. The fundus oculi was normal. The eyes 
did not reach the extreme lateral position. When the patient 
was looking to the side, there occurred strong vertigo and 
nausea ; this was occasionally accompanied by coarse nystagmus. 
Ataxia, motor weakness and pathologic reflexes were absent. 
After the patient had remained in bed for a few days, she began 
to improve. The bulging of the flap receded. On the 15th of 
June she walked out of the hospital, and did not complain of 
any disturbance. On the 20th of August, 1911, she paid us a 
visit, and was found in blooming health. 

Cyst Formation in the Brain in Connection with Otitis Media 

Certain processes may develop in connection with inflamma- 
tions of the middle ear which at first appear in the form of 
serous meningitis and then give rise to a collection of fluid in 
the substance of the brain akin to cvst formation and lead to 
severe clinical manifestations. The following example serves 
as a good illustration. 



OBSERVATION X, 9 

Acute Inflammation of the Middle Ear with Symptoms of 
Meningeal Irritation. Later on. Symptoms Indicating 
Temporal Abscess. Cyst in the Central Region. Open- 
ing and Drainage of the Cyst, Followed by Severe Mani- 
festations and Jacksonian Spasms. Gradual Improve- 
ment. Cure. 

A girl, five years of age, had always enjoyed good health 
until about eight weeks prior to her admission to the hospital. 
She was always lively, active, and physically well developed. 
At that time, a severe inflammation of the right middle ear set 
in, which was treated medically. Severe headaches developed in 
connection therewith, accompanied by vomiting. These attacks 
occurred, in the beginning, once every other day, but later they 
became more frequent, and on one occasion an attack lasted 
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continually for eight hours. The health of the ^1 was rapidly 
failing. She was completely conscious, however, and no attacks 
of vertigo vi'ere observed. Between the attacks, her general 
condition was comparatively good. 

She was admitted to the hospital on the 17th of July, 1905. 
While she complained of no manifestations at that time, she 
was very emaciated. Her speech was vivacious without disturb- 
ances, and the intelligence of the patient corresponded to her 
age. Repeated examinations showed the following conditions: 
Slight swaying to both sides noted occasionally when the patient 
was walking. The phenomenon of Romberg could not be tested. 
Both plantar reflexes were Uvely, and the patellar reflex was 
more active on the right side than on the left. The ophthalmo- 
scopic examination showed the right papilla blurred, its veins 
dilated, and there was beginning choked disc The contours of 
the left papilla were also indistinct. The skull was sensitive to 
percussion in its entire extent, more so on the right than on the 
left side. This sensitiveness, however, could not always be 
demtmstrated. The right ear-drum was somewhat retracted but 
not perforated. The auditory canal was free from pus. The 
patient could hear words spoken in a whisper at a distance of 
1 metre on the right as well as on the left side. The pulse was 
moderately tense and regular; its frequency 100, temperature 
87.0' C. 

On the day of her admission to the hospital the patient was 
very livdy imtil noon; she ate, drank, and played with the other 
children. About two o'clock in the afternoon, she became 
quieter, began to moan, complained of headaches, and burrowed 
the right side of her head into the pillow. When moving she 
uttered loud cries, sought to steady her head with botli hands, 
and returned to her right position again. The head was, at that 
time, extremely sensitive, especially on the right side, above and 
behind the ear. Both lower extremities were flexed and the 
patellar reflexes exaggerated. After a little while, she ejected 
her food soon after its ingestion. During this attack, the pulse 
was 110, and of moderate tension. 

In the following five days, these attacks were repeated with 
short intermissions. The headaches became more severe, and 
they kept the child awake. She left her right lateral position 
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only rarely and never assumed the dorsal decubitus of her own 
accord. The sensitiveness of the right half of the head to per- 
cussion became gradually more marked and finally localized it- 
self about the breadth of three fingers above the right external 
ear. During these days, the temperature fluctuated between 
S6° and 89** C. The child had at that time lost considerablv 
in weight and she became weaker right along so that operative 
intervention could not be postponed any longer. We suspected 
an abscess in the right temporal lobe consequent to otitis media. 

On the 25th of July, the mastoid cells were laid open. No 
trace of granulation nor pus was found within them. The in- 
cision was, therefore, enlarged upward, and a piece of bone the 
size of a half dollar was taken away above the mastoid process. 
The presenting dura was very tense and did not pulsate. Three 
punctures were carried out toward the parietal and occipital 
lobe without results. The fourth puncture, however (directed 
inward, upward and forward), yielded about 10 cm^. of a red- 
dish fluid which coagulated in a short time after its aspiration. 
While the cannula remained in situ, the brain substance was 
split to an extent sufficient to permit the introduction of a thin 
drain. During this step of the operation, a few more cubic 
ijentimetres of the above fluid were evacuated. The wound was 
packed with vioform gauze. 

After awakening from the ansesthesia, the patient vomited 
only little, and no paralyses could be demonstrated on her arms 
or lower extremities. The left angle of the mouth, however, 
was somewhat drooping, and the left half of her face appeared 
/somewhat weaker than the right. In the following days, clonic, 
quickly vanishing twitchings were observed from time to time 
in the affected half of the face. The child lay mainly on the 
left side, it spoke little, and was evidently very exhausted. In 
the following three days, she vomited no more. All reflexes 
were normal. In the following days the quality of her pulse 
improved, and its frequency ranged between 1 10 and 180 beats 
per minute, while the temperature fell from 38.9° to 36.5° C. On 
the fourth day (about noon), spasms suddenly set in. They 
began with short twitchings in the left extremities and, a few 
seconds later, they involved the face and also the right half of 
the body. The child was at that time in a forced position on 
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the left side, with distorted upper and extended lower extremi- 
ties, while her abdomen was rigid and retracted. She was un- 
conscious, and foam issued from her mouth. The temperature 
now rose to 38.8° C, and the pulse quickly mounted to 200 or 
more beats per minute. 

These seizures were very frequent. They were of a Jack- 
sonian type and mainly affected the left half of the body. They 
almost always began in the left lower extremity. The attacks 
were ushered in with an outcry and were soon followed by 
clonic-tonic twitchings of the left extremities and the left half 
of the face, with distinct participation of the muscles of mastica- 
tion. During all this, the patient was groaning. The pupils 
were moderately dilated, rigid and did not react to light. Tlie 
corneal and conjunctiva reflexes were absent on both sides. The 
tendon and periosteal reflexes of the right side were moderate, 
and those of the left increased to a degree of slight clonus. Now 
and then, spasms of the muscles of respiration were observed. 
The pulse was fluttering. About one o'clock In the morning, 
the attacks gradually became less frequent, and finally ceased. 

In the following days the temperature was 36.5° and 37° C, 
and the child was quickly failing. It did not react; it had in- 
voluntary passages, and when fed, it swallowed poorly. In the 
following four weeks no more spasms occurred, tlie pupils re- 
acted, but neither tendon nor periosteal reflexes could be elicited. 
The little patient lay in the right lateral decubitus, totally 
apathetic with rigidly opened eyes. The wound offered a 
healthy appearance, and a moderate quantity of liquor issued 
from it. A cerebral prolapsus, the size of a small apple, de- 
veloped simultaneously. The child became emaciated to a 
skeleton. 

About the end of the fourth week after the operation, the 
general condition of the patient improved somewhat. The cere- 
bral prolapsus had receded to the size of a walntit; hardly any 
liquor issued from it. After a few days, the girl began to look 
around, and she attempted to raise her head. While so doing 
she uttered inarticulate sounds and laughed and cried quietly. 
At that time her intelligence was practically nil; no matter what 
"■as handed to her. she invariably carried it to her mouth and 
bit on it. Her appetite became voracious, and she gained rap- 
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idly in weight. After four weeks the child was verj- much 
stronger, she was able to walk about unsupported, but she used 
her weaker arm (the right) less than the left. This was accom- 
panied by a marked motor unrest. Her speecli had not as yet 
returned, she was not able to repeat words spoken in a whis- 
per, but her understanding was somewhat better. The state 
of her nervous system was apparently normal, and the choked 
disc had almost completely disappeared. The size of the pro- 
lapsus cerebri was now that of a hazelnut, and the wound was 
about the size of a silver quarter of a dollar; it was gramilating 
satisfactorily. 

In one more month the improvement in the general condi- 
tion of the patient was remarkable. She looked the picture of 
health, exercising in bed and climbing about; lier movements, 
however, were somewhat apish. Her walk was normal; in com- 
plicated movements she preferred to use the left hand the power 
of which was greater than tliat of the right. Itoth halves of the 
face were equal, and no differences were noted on moving both 
sides. The general impression created by the patient was that 
of an idiotic child; she only laughed and uttered peculiar sounds 
when spoken to. When engaged for a long tinie, she would 
move her lips as if trying to repeat words, but not a single 
articulate word was uttered by her. She understood when ex- 
horted and evinced satisfaction when some one ap])roached her. 
Her bowel and bladder functions were still involuntary. 

The condition of the patient four months after the operation 
was as follows: 

The cerebral prolapsus had gone. A moderately retracted 
scar was present behind the right ear. The entire head was in- 
sensitive to percussion, and she had not vomited for months. 
The choked disc had disappeared and the pupils reacted 
promptly to light and convergence. The reflexes showed no 
peculiarities, and the right patellar reflex was somewhat ex- 
aggerated. 

She was always in good humor, and her intelligence im- 
proved somewhat of late. She was able to speak words spoken 
before her. yet it was doubtful whether she understood what she 
was saying. An active motor unrest was still present so that 
the patient could not keep still in bed. The pulse and tern- 
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perature ranged within normal limits, and the general condition 
of the girl was excellent, 

A letter from her mother dated February- 2, 1907, informed 
ns that the child was normal physically in every respect. No 
disturbances whatever were observed after the discharge of tlie 
patient, and she had made good progress in her development. 
The mental condition of the girl, now seven years old, remained 
somewhat behind, although spasms occurred no more. She fre- 
quented the kindergarten. Her speech completely returned 
and the last report, dated June, 1909, described her as entirely 
normal mentally for her age. 

Thrombophlebitis 

We have seen above, that suppurations of the middle ear 
lead to thrombosis of the neighboring sinuses by direct exten- 
sion. The sinus sigmoideus is most frequently affected, and 
this is only natural when we consider its anatomic relationship. 
As is known, the lower wall of the tympanic cavity adjoins to 
a great extent the fossa bulbi jugularis. Tlie bony partition 
may be represented by a lamella about the thickness of a sheet of 
paper, or it may even he interrupted, so that the mucous mem- 
brane of the tj-mpanum is in direct contiguity with the sinus. 

The following history may serve as an example of a case of 

Septic Thrombosis of the Sinus Sigmoideus and the Vena Jugularis 

OBSERVATION X, 10 

Chronic Suppurative Otitis Media. Septic Thrombosis of the 
Vena Jugularis. Death from Multiple Pulmonary Ab- 
scesses. 

A girl, fifteen years of age, who was suffering for a long 
time from suppuration of the middle ear, was seized mth a 
severe chill about ten days before she entered the hospital. She 
then became very ill, and her physician stated that the clinical 
picture continued uniform and was characterized by higii fever 
associated with cliills which occurred daily and by the absence 
of special local symptoms. Wliile the anamnesis pointed to an^ 
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infection of the right ear, from which focus tJie general systemic 
invasion originated, objective examination of the patient dis- 
closed only considerable sensitiveness to pressure of the right 
side of the neck. The head was kept in a wry-neck position, 
and there was no oedema and not the sliglitest sensitiveness to 
pressure on tlie mastoid process. The chiselling open of the 
latter disclosed a diffuse infiltration of the bone with discolored 
malodorous pus, and the sinus sigmoideus was filled with a 
yellowish, smeary mass. The middle ear was widely opened and 
the sinus laid bare and cut into until normal tissues were en- 
countered. 

Since three days after this extensive operation, many chills 
witli rises of temperature to i'i.S" C. (in the axilla) had set in, 
the vena jugularis communis was freely dissected in its entire 
course through the neck. It appeared as a flat strand of yellow- 
ish-gray color without pulsations. We followed it toward the 
thorax, and at the point where it runs under the clavicle, it 
appeared as a thick, blue vessel that filled and emptied itself 
synchronous with the movements of respiration. It was ligated 
at a point where it appeared healthy, and divided; from tlii;. 
point it was followed up to the base of the skull; it was then 
exposed, divided, and its open end drained with a strip of iodo- 
form gauze. The examination of the specimen showed the 
border line between the septic thrombus and the normal wall 
of the vein (toward the thorax) very distinctly. The further 
course of the disease was very unfavorable; the patient died four 
days after the operation. While the rigors disappeared, the pa- 
tient became very asthenic and a remittent fever contimied. 

The post-mortem examination showed that the septic throm- 
bus found at the operation had been completely removed. In 
the portion of the sinus sigmoideus left behind as well as in the 
region of the jugular vein, a number of recent benign hlood- 
clots were present. However, a smeary deposit was found in 
the jugular foramen. The cause of death was proven by the 
autopsy to be nudtiple metastatic abscesses in the lungs. The 
upper lobe of the left hing was almost completely gangrenous. 

It is evident that the operation was performed at a time 
when the septic tlirombi liad already been carried to the lungs 
— hence too late. 
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OBSERVATION X, 11 

.Acute Non-Suppurative Inftammaiion of the Middle Ear. Par- 
alysis of the Abdiicens of the Right Side. Manifestations 
of Cerebral Compression. Partial Sinus Thrombosis. Cure 
Following Trephining of the Cerebellar Area. 

A merchant, thirty-nine years of age. was treated by Dr. Hans 
Rohr for acute right-sided non-supporative inflammation of the 
middle ear. After fourteen days the patient completely recov- 
ered. Three and a half weeks later (30th of May, 1910) pains 
in the back of the liead toward the right side of tiie skull as well 
as a dull sensation of pain in the ear set in. Eight days previous 
to that time the patient had a severe chill which was followed by 
a rise of temperature to 38.5" C. From the 27th of May on, his 
morning temperature was 36.8". and in the evening it was 37.4" C. 
Since the pains became more violent and the temperature 
remained the -same, Dr. Riihr suspected sinus thrombosis, and on 
the 5th of June he chiselled open the mastoid process and ex- 
posed the sinus sigmoideus. Tlie cells of the mastoid showed no 
inflammatory changes from the point up to the tegmen. The 
fairly deep and small antnmi was also free. Neither did the tym- 
panic cavity show any signs of iiiHaniniation. The exposed por- 
tion of the sinus offered a normal appearance; it was soft and 
evidently filled with blood. 

The patient did not improve after the operation. He com- 
plained of pains about a liand's breadth above the right ear, over 
the entire parietal region on the right side. There were also 
persistent violent pains in the frontal bone and over the root of 
the nose. The examination of the nervous system by Sanitatsrat 
Kron showed nothing abnormal. The examination of the eyes 
{10th of June) by Professor Grceff disclosed the following con- 
ditions: The right conjimctiva was injected and a slight swelling 
surrounded the right eye. Slight optic neuritis without oedema. 
Some turgidity of the veins of the fundus oculi. Clear liquor 
free from bacteria and leucocytes was evacuated under moderate 
tension by lumbar puncture. On the 12th of June there sud- 
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denly set in diplopia as a result of paralysis of the abducens on 
the right side; this was accompanied by slight nystagmus. The 
pulse ranged somewhere between GO and 80 beats per minute. 
The urine was free from sugar and albimihi. The diagnosis was: 
Inflammatory process in the region of the nervus abducens, at 
the point where it crosses the sinus petrosus superior at the 
pyramid of the petrous portion of the temporal bone. Throm- 
bosis was thought of, and abscess and serous meningitis were 
considered. I saw the patient on the 17th of June and found the 
following conditions: Total paralysis of the abducens; coarse 
nystagmus in the lateral position of the eyes and upon looking 
to the left. The abducens paralysis was limited to the left eye. 
Slight hyperesthesia of the second branch of the trigeminus 
shown by pricks with the needle. Corneal reflex present on both 
sides. The right pupil was somewhat more sensitive to light 
than the left. Both acustici were intact and caloric nystagmus 
normal. The patellar reflexes were somewhat exaggerated. 
Babinski, Oppenheim, and cerebellar swaying absent. The pulse 
was at times strikingly fluctuating and would sometimes come 
down to 60 beats per minute ; at other times again it would rise 
to 80. 

Trephining over the right cerebellum was carried out on the 
I8th of June. On the night preceding the operation the patient 
became suddenly deaf and had a sensation as though the ear was 
stuffed up. The examination of the ear by Dr. Rohr showed, 
however, nothing patliologic. After the osteoplastic flap had 
been reflected, the dura cerebelli lay deeply sunken in the pos- 
terior fossa of tlie skull forming a flat trough. It did not pulsate. 
The dura covering the left cerebellum and the right occipital 
lobe (exposed to an extent of 4 cm.) were in the same condition. 
The sinus transversus appeared entirely empty and flat. I ivas 
able to feel a firm cord, the thickness of a goosequill, along the 
median side of the sinus sigmoideus down to the bulbus of the 
jugidar vein. Toward the outer side of this cord the sinus was 
bluish in color and pulsated slightly, synchronous with the 
respirations. We were evidently dealing with a partial sinus 
thrombosh. The lateral partition of bone was now removed 
and a part of the dura of the temple exposed. It showed noth- 
ing abnormal. Since the sinus sigmoideus was seen to pulsate in 




Sot-r Thrombi 891 

its lower portion, we did not follow it beyond that point. At the 
moment when the tampon was removed from the injured einis- 
sariiDi) mastoideiini, a liole about 2 mm. in size was found in 
the sinus sigmoideus, from which not a drop of blood issued; a 
harsh noise was heard at eadi inspiration (air was entering 
it) . The pulse at once became small and irregular, and the open- 
ing was immediately pressed upon with the finger. A strip of 
vioform gauze was placed against it. Soon thereafter the patient 
reacted. The wound of the mastoid was lauiponed with vioform 
gauze and the osteoplastic flap sutured into position in the usual 
manner. 

The patient withstood the operation well. His temperature 
fluctuated between 36" and 37.8" C; it reached 38" a few times 
only. The pulse continued accelerated. About the 19th of June 
a slight improvement was noticeable in the riglit eye. At that 
time, however, disturbances of deglutition set in which lasted 
until the 24th of June. Nothing abnormal was found in the 
pharynx. The paralysis of the abducens gradually regressed, 
and on the 7th of July not a trace of it remained behind. At 
the request of the patient, he was discharged from the clinic on 
the lith of Jidy. At that time the findings were as follows: 
The reaction of the pupils and the corneal reflexes were normal 
and the right abducens functionated, as well as the left. There 
was no diplopia and no Romberg swaying. Jloilerate headaches 
continued until September and from that date on he complained 
of no subjective disturbances. The valve created with the tre- 
phine showed osseous union and was not depressed. The power 
of hearing was normal. On the 17th of November Professor 
Grecff made an ophthahnoscopie examination and found only a 
slight pallidity of the right optic nerve. Its outlines, however, 
were distinct, the circulation normal, and the visual power 5/5. 

The important point in this interesting case brought out by 
Hr. Sohr in presenting the patient (who had completely recov- 
ered and had gained forty-six pounds) before the JMedical So- 
ciety of Berlin (May 24, 1911) was the insidious symptom-free 
progress of the mild inflammation of the middle ear and the 
difficulty of diagnosis between thrombosis, abscess, and serous 
meningitis. The formation of the thrombus in the sinus sig- 
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nioideus is remarkable, for the reason that it developed on the 
side opposite the ear, while the side toward the ear remained 
normal. The onset of the paralysis of the abducens gave us a 
clue to the seat of the trouble. Thrombosis of the sinus trans- 
versus may by itself cause paralysis of the abducens. On the 
other hand, thrombosis of the sinus petrosus superior is not neces- 
sarily followed by it. 

Infectious Thrombosis in Other Inflammatory Processes and 

Suppurations 

While suppurative processes in the region of the auditory 
apparatus are by far the most important and most frequent cause 
of infectious thrombosis of the various sinuses, any inflammation 
or infectious disease of the bones, soft tissues and cavities of the 
head, face, and neck may give rise to it. I shall cite an example. 



OBSERVATION X, 12 

Abscess in the Suhmcuvillary Region. Thrombosis of Veins. 
Thrombosis of the Sinus Transversus. Trephining Fol- 
lowed by Splitting of Sinus. Permanent Cure. 

A merchant, twenty-one years of age, free from hereditary 
taints, had suflFered for some time from pains which radiated 
in the distribution of the occipital nerve, and from rigidity in 
the back of the neck. The attending physician made a diagnosis 
of tuberculosis of the atlanto-occipital joint. The pains, how- 
ever, together with the rigidity of the neck soon disappeared, 
but in their stead, a swelling appeared on the right side of the 
neck indicatmg a deep-seated infiltration. This was accompanied 
by chills, the temperature was remittent, and the patient pre- 
sented a picture of severe, general infection. On the 12th of 
February, 1898, an abscess was opened in the submaxillary 
region underneath the deep cervical fascia and a creamy pus 
evacuated. The vertebral column was intact. The temperature 
fell for one day, but soon rose to 39.4'' C. On the 20th of Feb- 
ruary the wound was found granulating well, but a thrombosed 
vein was discovered in it. This was found to be the vena facialis 
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communis which was resected. The examination of the vein dis- 
closed no septic thromhosis. On the same day the processus mas- 
toideus was chiselled open, hecause the patient complained of 
continuous pain in the process when pressed upon. Nothing 
pathologic was found and the examination of the middle ear 
showed also normal conditions. 

After this operation, the fever remained high and markedly 
remittent and the pulse fluctuated between 116 and 124 beats 
per minute. The general condition of the patient became nnich 
worse, ahnost hopeless. (Edema of the right half of the face 
set in. A careful examination of the nervous system disclosed, 
outside of bilateral mydriasis with sluggish reaction of the pupils, 
nothing abnormal. The cerebral manifestations frequently ob- 
served in cases of sinus thrombosis (headaclie, sopor, vomiting, 
delirium, etc.) were absent. However, I decided to trephine the 
region of the right sinus transversus on account of the severe 
sensitiveness to pressure in this area. This sinus was exposed 
on the 28th of February, 1898. It had the appearance of a 
grayish cord that was very prominent and of firm consistency. 
The brain did not pulsate. 

We followed the transversus up to a point where it enters the 
sigmoideus at the base of the pyramid of the petrous portion of 
the temporal bone. It was of a normal blue color and pulsating. 
The entire right sinus transversus was now split lengthwise, and 
the thrombosed mass, whieli was partly red and friable, and in 
part gray and firm, was removed with a scoop. The sigmoideus 
was now bleeding in a normal manner and it was tamponed with 
iodoform gauze. It was followed up iiiedianward almost to the 
confliiens sinuum where a white thrombus was found in it and 
its lumen contained some sanguineous fluid. In this place it was 
not of normal width, on the contrary, it was considerably con- 
stricted. A strip of iodoform gauze was introduced into this 
narrowed lumen also. 

Even after the transverse sinus had been cleared of thrombi, 
the diu'a did not pulsate. The wall of the sinus facing the brain 
was therefore also incised longitudinally so that the surface of 
the brain now lay freely exposed. A considerable quantity of 
liquor cerebro-spinalis drained off, after which slight cerebral 
pulsations were noticed in the region of the confluens sinuum. 
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while the brain toward the mastoid process showed no pulsations 
as yet. Two cerebral punctures were negative. The exposed 
portion of the brain was now covered with iodoform gauze and 
the whole wound filled with the same material. 

The result of this operation was good. On the next day the 
temperature fell from 39° C. to normal and after that time it 
never exceeded 37.6" C; while the ptdse continued over 100 for a 
period of three weeks. The threatening general manifestations 
gradually receded in the first week after tlie operation and after 
some time the unilateral oedema of the face disappeared. The 
cerebral pulsations in the opening of the skull became more dis- 
tinct, and after eight days they were visible in the lateral section 
of the wound. 

Four weeks after the operation the patient left the bed, and 
in two more days he left the hospital, having gained six pounds. 
The wound Iiad completely healed, A trace of oedema in the 
right half of the face could at that time still be demonstrated 
by pressure with the finger. 

After that the patient completely recovered, and he is now 
able to follow his occupation without inconvenience. His brother, 
a physiciaii, informs me of his complete restoration to health. 

Rhinltic Abscesses 
The causes that may lead to abscess formation of the brain, 
outside of traumata and suppuration of tlie ear, have been given 
above. However, of all these, I wish to cite an example of ab- 
scess resulting from suppuration of the nasal and frontal sinuses. 



OBSERVATION X, 18 

Acute Suppurative Frontal Sinusitis. Fall of Temperature 
After Chiselling. Fever Again. Large Extradural Ac- 
cumulation of Pus. Abscess in the Frontal Brain. Five 
Days Later. Abscess in the Central Region. Death from 
Exhaustion. 

A woman, twenty-three years of age with negative history, 
began to suffer on the 21st of November from violent, continuous 
headaches. Her temperature was at that time 37.7° C. On the 
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following day the headaches became worse and a projection was 
visible over the left frontal eminence; temperature 38.4° C. On 
the 22d of November, the swelling had considerably increased 
in size and extended from the root of the nose over the entire 
supraorbital ridge and frontal bone to the borderline of the hairs. 
Temperature 39.6° C. On the 23d of November, the oedema had 
increased and it also involved the upper eyelid. Morning tem- 
perature. 40°; noon, 41.2° C. An otologist was consulted wlio at 
' once opened the frontal sinus and about 1^^ tables poonsful of 
ichorous pus was evacuated. The opening leading into the nose 
was found closed. It was opened and drained. The frontal 
sinus was much enlarged, and was tamponed. After the opera- 
tion the temperature sank to 36.4° C; this was accompanied by 
rigors. The headaches ceased at once and the temperature re- 
mained normal for six days (36.4° to 37° C). On the seventh 
day, the temperature rose again (40°) and despite the opening 
of a superficial abscess, it did not fall. Simultaneously a dry 
pleurisy developed on the left side. 

At that time and until the 5th of December, there was no 
sign of meningitis, the subjective condition of the patient was 
good, the mentality clear, the movements of the head free and 
without pain, there was no vomiting, the abdomen was not re- 
tracted, etc. The temperature could be easily explained by a 
beginning pneumonia in the left lower lobe of I'le lung. On 
the 5th of December (morning) the temperature }iad gradually 
fallen to 38" C, but on the same afternoon the patient suddenly 
became imconscious and the fever mounted abruptly to 39.4°. 

Wlten I saw the patient on the evening of the 5th of Decem- 
ber, she answered to all questions: "All right." and smiled. The 
left eye was a little more prominent tlian the right. Of menin- 
geal symptoms, only a slight restriction of the movements of the 
head were noticeable. It appeared probable that the patient had 
developed an abscess in the frontal brain, but there could also 
be a septic thrombo-sinusitis, although there were no rigors since 
the 23d of November. The temperature was 39.4° C, and the 
pulse 104. She was operated on the same evening. 

A pouting, gramdating wound was found above the left eye- 
brow; it was covered with a smeary deposit; a hole ad.iiitting a 
finger led to the frontal sinus. The wound was enlarged by pro- 



896 The Surgery of the Brain 

longing the incision of the eyebrow. The greater portion of the 
anterior wall of the sinus was removed ; this permitted thorough 
inspection of all its parts. Laterally, on its floor, a fistulous 
tract admitting a medium sized probe was found in the bone; 
it extended 2 cm. in a lateral direction of the left temporal 
region in the lamina vitrea and was filled with pus. This was 
evidently the channel through which the infection of the brain 
took place. After ridding the frontal sinus of the smeary granu- 
lations, it was tamponed with vioform gauze. No pus was found 
in its recesses. 

In order to expose the frontal brain, an osteoplastic flap was 
fashioned, the base of which was directed upward — correspond- 
ing to the hair-line (see Plate XLIV, Fig. b). As soon as the 
first hole was drilled in the upper median angle of the wound, 
thin, malodorous pus issued forth. Nothing was obtained from 
the other three apertures made. As soon, however, as the bone 
was resected and lifted off, a continuous stream of pus drained 
away — about half a wineglassful. The dura was not materially 
changed in the median upper half of the cleft, but showed here 
and there a yellow spot of pus, while, externally and below, it 
was covered with thick layers of purulent fibrin. A defect about 
1 cm. in length was also found here through which pus was 
spurting at each cerebral pulsation. The osseous cleft was some- 
what enlarged outward and downward, and the tear in the 
dura separated with a couple of Pean hooks. The walls of the 
abscess cavity were found covered with white fibrinous deposits. 
A stout drain about 4 cm. wide was introduced into that cavity. 
The supradural and the frontal lobe abscess cavities were now 
packed with vioform gauze and the trephined flaps reposited 
over them. 

The result of the operation was at first satisfactory ; the tem- 
perature fell to 37.5® C. and the pulse to 74 beats per minute. 
The somnolence subsided, the general condition of the patient be- 
came tolerable, and she slept well. The movements of the head 
became free and there were no signs of meningitis. On the 8th of 
December, however, a chill set in and the temperature rose to 
38.9° C. and the pulse to 98. Inspection of the wound dis- 
closed no retention of pus. Two days later a paresis of the right 
half of the body developed, which included the facialis, and an 
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extension of the pus backward toward the central area was no 
longer doubted. This area was trephined and tlie arachnoid was 
found cloudy, hut there was no suppurative meningitis. Punc- 
ture disclosed a subcortical abscess situated in the region of the 
anterior central convolution, which was filled with malodorous 
pus. The abscess was widely opened and drained. No extension 
of the suppuration was discovered while dressing the patient in 
the following three days; she failed however perceptibly. The 
temperature tlnctuated between 38.3° and 39.3° C, and the pulse 
was about 120. She died on the 14th of December. An autopsy 
was not permitted. 

Meningitis Purulenta 

H, Kummell advocated in suppurative conditions wide open- 
ing of the cranium, analogous to the practice in laparotomies for 
peritonitis.^ He reports a case of severe meningitis in connec- 
tion with a fracture at the base of the skull, in which pus was 
obtained by lumbar puncture. In this case he obtained a cure 
from double trephining. 

After falling on the back of the head, the patient had become 
unconscious, after which vertigo, headaches, noises in the ears 
and difficult hearing on the right side had set in. It is stated 
that in the first days following the accident, a profuse watery 
fluid discharged from the nose. At the hospital the headaches 
became more intense, the sensorium became cloudy, and the tem- 
perature mounted to 40" C. To this, strabismus and rigidity of 
the back of the neck were soon added. Lumbar puncture, per- 
formed on the 2d of January, 190.5 {on the ninth day after the 
accident) yielded a thick purulent fluid. As a last resort, the 
almost moribund patient was trephined on the 4th of January. 
Two openings were made, each the size of about half a dollar — 
one in each occipital region encroaching on the parietal bone. 
The dura was found very tense and it was split corresponding 
to the entire width of the cleft in the bone. The arachnoid was 
strongly injected and cloudy. Strips of gauze were introduced 
into both openings of the skull and they were projected into the 
posterior fossa; as far as possible. 

' Hermann KUtnmell. Die operative Behandlun^ der eiteriKen Meningitia. 
XXXIV. Kongreaa der Deutechen Geaellschaft fiir Chirurgie. 1906. 
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On the next morning the pulse was better, the temperaturi; 
38° C, and the sensorium less cloudy. On the second day after the 
operation, lumbar puncture still yielded a flocculent liquid wiiich 
was perfectly clear on tlic sixth day. On the fifth day the pa- 
tient was free from fever, and on the tenth day, his mental con- 
dition was normal. Tlie disturbances in reading and wTiting 
gradually regressed. After gradual rcTnoval of the drains, the 
trephined wounds healed without complications. About the mid- 
dle of February, the patient was discliarged cured and lie was 
able to resume his work. 

In order that such operations be successful, they must be per- 
formed at the earliest possible moment. Kiivimell reports an- 
other case of advanced severe meningitis in wliich he was able, 
by trephining and splitting of the dura, to obtain considerable 
improvement in the subjective condition of the patient without, 
however, averting a fatal issue. I have also had such experi- 
ences, but I have thus far been unable to bring a case of decided" 
septic meningitis to recovery. 

We find in the literature of recent years a number of cases 
of circumscribed suppurative meningitis in which the affected 
cerebral membranes were exposed. Almost all of these were in- 
stances of meningeal inflammations of otitic origin or the result 
of complicated fractures of the skull. Lucic and Jansen have 
cured cases of suppurative leptomeningitis of the temporal lobe 
consequent to otitic processes by splitting the dura and drainage. 
Bertelsmann was successful in bringing about a cure by trephi- 
ning a case of otogenous meningitis in which lumbar puncture 
j*ielded a turbid fluid. In his thorough work on suppurative 
diseases of the brain and spinal cord, Mac Etcen- speaks of 12 
cases of circumscribed purulent leptomeningitis, of which 6 were 
cured by operation. Of these, 5 affected the middle, and 1 the 
posterior region of the skull. Kiimmell also accomplished cures 
in three patients suffering from otogenous suppurations, who 
presented a picture of severe meningitis, by extensive trephining 
of tlie temporal bone and splitting the discolored dura. 

There is a general consensus of opinion that cases of circum- 
scribed otogenous meningitis should invariably be trephined, the 
dura widely opened and the pus drained. This should be pre- 
ceded by opening the middle ear and, if needs be, of the labyrinth. 
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The greatest difficulty in these cases is the diagnosii which should 
be made early, aided if necessary, l>y rcjjcatcd hjmbar pimctiirwi. 
The patient should be operated on at llie fariie«t posMihie mo- 
ment. If the fluid obtained from himbar puncture he turbid 
and contains numerous pus cells, an iniincdiate operation in 
urgently indicated even though the other sympb'wiis rjf suppura- 
tive meningitis be not as yet pronounced. It itt anttuiiied, uf 
course, tbat there exists labyrintliine suiipuratif^ri. The under- 
hnng principle of the operation consists of exposing tlie dura and 
splitting it along the pv-ramid, beginning at the siniu »igifioideti» 
and ending at the porus acusticus. If the suppuratire torbidity 
of the liquor be occasioned by an uncoui{rfic3tcd cerebellar «b- 
■oes, the error wdl be discorered as «ooo as tlie dura H opeoed, 
and even then the procedure would do no hum hmntf (Jm: 
operatire modus in both 
Wittwutack^ reported two case* of I 
gitis eonsequcnt to c 
cored by operatioa. 

Circumscribed meningitis, naaUmg twam i'W|iiiLitLiJ fnm- 
tons of the skull, siiould be treated ■■ the i 
pJ Mimte d, if needs be, br leimkig ci ■ 
» of brain. WitzH i 
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cumstances, when, as in the following case, the clinical manifes- 
tations point to an abscess of the temporal lobe. 

OBSERVATION X, 14 

Manifestations of Abscess of the Left Temporal Lobe. Opera- 
tion Uncovers Suppurative Meningitis. Autopsy Shows 
also Encephalomalacia of the Right Temporal and Frontal 
Lobe. Microscopic Examination Reveals Inflammatory 
Separation of the First Left Temporal Convolution, the 
Region of the Island of Reil, the Putamen and the Internal 
Capsule. 

The patient, a man twenty-five years old, suflFered for a long 
time from headaches and a discharge of pus from the left ear. 
Soon after liis admission to an institution for the treatment of 
nervous diseases (February 28, 1906), a somnolent, stuporous 
condition set in, which persisted throughout the disease and be- 
came more intense toward the end. At times the patient was 
conscious, but most of the time his mental condition was so 
fogged that he lay listlessly, and the functions of his rectum and 
bladder were involuntary. Besides this, the following disturb- 
ances were added to the clinical picture: Drooping of the left 
angle of the mouth ; weakness of the right arm and especially of 
the right lower extremity with exaggerated reflexes; disturb- 
ances of speech, i.e., optic-tactile paraphasia with good repetition 
of words and retained understanding; no disturbances of reading 
and writing; left otitis media punilenta (cholesteatoma?), later 
on, also considerable pains in the right ear and hyperaemia of the 
right ear-drum. Toward the end of the disease, which lasted 
about two or three months, there were rises of temperature 
(39.2° C). The other symptoms were indistinct and transient. 

Based on these symptoms (weakness of the right extremities, 
disturbances of speech, left otitis media purulenta, pyrexia), a 
diagnosis of abscess of the left temporal lobe was made and on 
the 9th of May the patient was referred to me for operation. 
He was trephined on the same day, and the left temporal lobe 
was exposed (compare Plate XLV) by a flap with upper base; 
the bone was preserved. The left posterior fossa of the skull 




Fig. a. 





was made acco^sible by widening the cleft in the boue backward. 
The arachnoid and pia showed characteristic changes of a begin- 
ning suppurative meningitis. The findings were otherwise nega- 
tive {especially with reference to abscess). After the O[)cration 
the coma became more profound, it interchanged mth states of 
excitement, and on the 11th of May the patient died. 

The post-mortem examination revealed a bilateral meningitis 
of the convexity and encephalomalacia lobi temporalis et fron- 
tah's dextri. Microscopic examination of frontal sections of the 
brain (Dr. L. Jacobson) showed an inflanimatorj- separation of 
a large portion of the first left temporal convolution, the ad- 
joining portion of the island of Reil, the putamen. and the inter- 
nal capsule. These foci explained the clinical manifestations of 
paraphasia and the paralysis of the right extremities. An ex- 
tensive cortical encephalitis which eiiibraeed the entire temporal 
lobe and the third frontal convolution was found on the right 
side. The same changes were found in the adjoining sections of 
the parietal lobe and the central convolutions. These ft»ci were 
responsible for the weakness in the left lower facialis region. 

This observation is verj- instructive for the reason that the 
autopsy in vivo as well as the post-mortem examination showed 
that a wTong diagno,si.s had been made. The microscopic exami- 
nation showed the exact state of affairs. The parts of the hrain 
suspected of being involved {sensory centre of speech and left 
pyramidal tract) were found affected, but not in the maiiiwr 
thought of. We are at the present time not in a position to be 
able to decide beforehand whether we are dealing with a ca.se of 
meningo-encephalitis or with an abscess. 




Metastatic Processes 

Metastatic Carcinoma of the Brain 

Primary carcinoniata of the brain are extremely rare. They 
originate from the epithehiim of the chorioid plexus of the ven- 
tricles and assume the form of papillomatous structure. The 
rarest variety is that springing from the ependyma of the cavi- 
ties of the brain. From a clinical point of view these tumors 
are not significant (at least surgically) because they are so deep- 
seated that they cannot be reached, and a certain diagnosis of 
their existence has thus far not been made. 

Metastatic carcinoniata, on the other hand, are not infre- 
quent; they mainly affect the cerebral substance, and may be 
multiple. They are principally secondary to carcinoniata of the 
breast, the thorax, the lungs, or the bronchi, and occasionally also 
to carcinoma of the ovary. A peculiar analogy exists here, in 
that metastatic abscesses of the brain are principally observed in 
connection with suppurations in the thoracic organs. The same 
anatomic factors must therefore be operative in both metastatic 
conditions. In one instance the cancer-cells, and in the other, 
pus-producing organisms are carried away. This analogy de- 
serves mention. 

The following case is an example of metastatic carcinoma 
of the brain. 

OBSERVATION XI. 1 

Old Carcinoma of the Right Hrcast. Metastatic Tumor-Mass 
in the Posterior Scrlinn of the Rif/ht Frontal Brain. No 
Operation. 

The patient was fifty-one years of age and underwent an 
operation three years ago for cancer of the right breast, and two 
years later, for a recurrence of the same trouble. A few weeks 
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prior to her admission to the hospital she again began to com- 
plain of pains in her right chest. Her speech was somewhat 
retarded and her mental activity diminished. On the 8th of Octo- 
ber sudden somnolence set in. She was admitted to the Augusta 
Hospital on the 11th of October in a semicomatose condition; 
she did not respond to calls, and it was difficult to feed her be- 
cause she refused to take nourishment. Her pulse was 60 per 
minute, strong, full and regular. There was no vomiting, but 
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Magnified, 70 : 1 
a of the Frontal Lobe Fullowini; Carcim 



the patient complained of headaches, and there was a marked 
choking of both discs. The pupils reacted to light, and the 
corneal reflex was present on both sides. Her face was peculiarly 
masklike and immobile. There was a left-sided facial paresis 
of slight degree, but no other nervous symptoms. The riglit 
breast was amputated. The sub- and supra-clavicular as well 
as the cervical glands of the right side were as hard as stone 
and very swollen. The lower border of the liver was hard and 
extended about two fingers below the costal margin. 
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After a few days the condition of the patient improved and 
at times she was perfectly rational. She spoke in a whisper and 
could therefore not be understood well. Periods of aggravation, 
lasting about two hours, were of frequent occurrence. The coma 
became more profound and she evacuated her bladder and rectum 
involuntarily. The diagnosis was: Metastatic carcinoma of the 
right frontal brain. No operation was suggested. On the 9th 
of November the patient suddenly died. 

The post-mortem examination showed carcinomatous infil- 
tration of the right pectoral muscles, the subcutaneous fat and the 
anterior mediastinum. The pleura costalis showed flat, grayish- 
white cancer nodules, and the liver was constricted, but micro- 
scopically free from metastases. A protuberance, the size of a 
half dollar, was found in the brain immediately in front of the 
anterior central convolution in the region of the gyrus frontalis 
inferior and in the area of the arteria fossae Sylvii. This place 
appeared white in color, intimately blended with the pia, and 
its surface was covered with brown spots (compare Plate XIjVI, 
Fig. a). The vessels of the surface of the brain were arranged 
circularly around the tumor-mass and distributed small branches 
from the periphery to the centre. The surface of the tumor itself 
did not show any vessels. 

Frontal section of this area (Plate XL VI, Fig. b) showed 
a medullary tumor projecting into the middle third of the right 
cerebral hemisphere. It filled out the hemisphere through the 
cortex and extended into the radiations of the corpus callosum 
like a wedge with rounded point. The gray substance terminated 
close to the base of the wedge. The signs of displacement were 
very well developed. Through displacement of the lateral wall, 
the right anterior horn was firmly closed; the left horn, on the 
other hand, was dilated and widely gaping. The median cere- 
bral fissure was displaced about its middle (to the left) to such 
a degree that the entire left hemisphere appeared compressed. 

The microscopic specimen {Chief Physician Dr. E. Hey- 
mann) , depicted in Fig. 147 on page 903, shows under low power 
a series of large cancer nests within the glia tissue of the brain. 
The nests were traversed by wide connective-tissue lymph-spaces 
between which the epithelial cell-masses were deposited. High 
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power magnification showed the characteristic cell arrangement 
of gland tissue (adenocardnoma). 

The analogy of this case to abscess was shown by the fact 
that not a single metastatic focus was found in any other organ 
and that the region of the arteria foss^ Siflz'U was preferred. 
Despite the close proximity of the tumor to the central region, 
motor disturbances were remarkably few. 

Operation on Metastatic Carcinoma of the Brain 
Until now an inflexible rule was adhered to, i.e., not to oper- 
ate on metastatic carcinomata of the brain. Such rules remain 
in force until clinical experiences overthrow them. I shall c''-'" 
in this connection the following remarkable case. 



OBSERVATION XI, 2 

Successful Ea-tirpatioJi of a Neoplasm of the Right Central 
Region that Developed as an Adeno-Carcinoma. No De- 
monairable Primary Cancer. Five Months of Comparative 
Well-Being. Death from an Intra-Thoracic Tumor. 

A woman, sixty-three years of age, who had never been ill 
before and had not suffered from lues, became ill about four 
months ago (November, 1909) with manifestations of paralysis 
of the left arm whicli appeared first when the patient was comb- 
ing her hair. Simultaneously a slowness of speech was observed 
without the appearance of real aphasic disturbances. The paresis 
of the left arm and forearm gradually became worse and the 
general condition nf tlie patient as well as the state of her nutri- 
tion declined. In January, 1010. Jacksoninn spasms occurred 
in the left arm which were occasionally limited to the hand. Out- 
side of an oedema of the hand and a slight venous hypcra^mia of 
the fundus oculi, no other morbid manifestations could be demon- 
strated. In February the attacks hecanie severer, the patient 
was very weak and complained nf increasing headaches in the 
frontal and occipital region, and of insomnia. 

An examination, made in the begiiming of March by a neu- 
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rologist (Dr. Lawenthal, of Braunschweig) and Professor L. 
Brum, of Hannover, disclosed an almost complete paralysis of 
the left arm with moderate oedema of the hand. The periosteal 
and tendon reflexes were exaggerated. The patient complained 
of severe pain in the joints on passive motion. Outside of slight 
disturhances of the sense of position of the left arm, no other 
sensorj- disturbances could he demonstrated. Tlie left facialis 
and the left lower extremity were somewhat paretic, and spastic 
sjinptoms with slight reduction of the sense of position accom- 
panied these manifestations. Outside of the increasing head- 
aches, no other signs of a space-restricting process within the 
skull could be found. A diagnosis of neoplasm of the right 
central region was made and an operation recommended. 

The first stage of the operation was performed on the 14th, 
and the second on the 23d of March. 1910. At the first incision 
through the dura on the side of the sinus, a grayish-red tumor- 
mass appeared on the convexity of the brain, but the neoplasm 
was m no way connected with the inner surface of the dura. 
After forming a flap of dura mater and reflecting it, a grayish- 
red tumor, about the size of a half dollar, was found projecting 
somewhat above the level of the anterior cential convolution. A 
stout vein coursed along the posterior border of the tumor, which 
showed isolated yellow spots toward its front and middle portion. 
The entire tumor projected into the medullary substance, and 
it was enucleated with the finger from the surrounding brain sub- 
stance, leaving a deep trough behind which, in the further course 
of the operation, filled in again. Only the finger could be used 
in enucleating this mass, because its consistency was only a little 
firmer than that of tiie cerebral substance. Atiteriorly and 
above, two bleeding vessels leading to the tumor had to be ligated. 
Since during the operation tenacious masses of liquid consistency 
of a tiu-bid yellowish-gray color were evacuated, the arachnoid 
space toward the sinus and the front was packed with vioform 
gauze to protect it froTU infection. After the enucleation was 
completed and the tampon removed, the normal dura was re- 
posited over the flat cavity in the brain. The osteoplastic fllap 
was now sutured into position without drainage. 

The largest diameter of the tumor after its enucleation and 
the removal of the friable masses, was 86 mm., and the thickness 
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of its wall, fl mm. Its contents were a tenacious fluid, yellowish 
and intermingled with friable pieces. The inner surface of the 
capsule appeared nodular, warty, and covered with a stringy 
mucus. After the tenacious mucus was wiped off, the grayish- 
red warts appeared. They were only slightly .harder than the 
surrounding normal cerebral substance, and they were every- 
where permeated with sulphur-yellow specks. The picture was 
that of one of the forms of synovial tuberculosis. Slightly soft- 
ened medullary substance of the brain covered the outer surface 
of the tumor sac. The external surface showed everj'where 
spherical nodules of a glassy appearance with fine, yellow spots. 

The microscopic examination (Professor Dr. Oestreich) 
showed the structure of the tumor to be partly glandular and 
in part composed of solid cell-masses. The stroma was meagre 
and in numerous places infiltrated with small round cells. The 
epithelial cells of the glandular tubes were mainly of the cylindri- 
cal variety, regularly arranged in layers. The diagnosis was 
metastatic adeno-carcinoma. Such timiors are ncA-er primary 
in the brain. In this case there must have existed an occult 
primary carcinoma somewhere in the body, because repeated 
careful examinations failed to disclose the presence of such a 
tumor anywhere. In the further course of the disease the seat 
of the primary trouble was located. 

The patient withstood the operation well. Her pulse and 
temperature showed no peculiarities, and the healing of the 
wound was normal so that the sutures were removed during the 
first change of dressings on the twelfth day after the second 
stage of the operation. The headaches completely disappeared, 
she slept well, her appetite was good and she became stronger. 
Two days after the removal of the tumor, active movements were 
possible with the left lower extremity. These became gradually 
stronger, so that fourteen days after the operation the move- 
ments in this limb could be executed with full power and just 
as good as with the Hmb of the opposite side. Disturbances of 
sensibility and of the sense of position did not exist. 

In the beginning, the patient complained of sticking pains in 
the left arm. which soon disappeared, however. Eight days after 
the operation (April 1st) active movements were possible in the 
hitherto paralyzed left arm. i.e., first pronation, and then siipina- 
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tion of the forearm. Two clays later, flexion and extension of 
the elbow-joint could be performed, and on the 6th of April the 
patient could move Iier fingers. Later on, the mobility of the 
left arm, its circumference and power, steadily improved. On 
the 10th of April (eighteen days after the operation) the patient 
left the bed for the first time and she attempted to walk. Three 
and one-half weeks after the operation she was able to walk un- 
supported and departed for home. 

For montlis it was reported that the condition of the patient 
was very favorable. Outside of a slight paresis, which did not 
interfere with the left arm, she enjoyed perfect health. In the 
begiiming of September, however (after five months), tumor- 
masses were discovered in the supra-clavicular lymph glands and 
the patient complained of a dull, deep-seated pain in the region 
of the left shoulder-blade. Her attending physician made a 
diagnosis of probable intrathoracic tumor. The patient now 
rapidly lost her strength, and on the I2th of September she 
expired. It is said that a few days before the end, a rapidly 
growing tumor-mass developed in the region of the centre of 
speech ( '.) . 

We were dealing in this case with a metastatic condition, be- 
cause primary adeno-carcinoniata of the brain are imknown, 
especially in the central region. This woman (sixty-three years 
of age), who was kept in bed by the paralysis for a long time, 
was remarkably improved by the operation. This observation 
teaches that even cases of metastatic cancer of the brain with 
severe symptoms of cerebral pressure and paralysis will occa- 
sionally be benefited by a palliative operation. It is known that 
certain carcinomata are of very slow growth, and we also know 
that cancer of the stomach (histologically proven) will lead to 
the death of the patient only after five or six years after gastro- 
enterostomy. In the case just described the metastasis had in all 
probability travelled from a primary focus, which remained 
latent in the thorax for a long time. 



Metastatic Tumors all Over the Body 
The following observation teaches how extensively met- 
astases may involve the entire cerebnmi and cerebellum or even 
the whole body. 




Metastatic Tumors ali. Over the Body 



OBSERVATION XI, 3 



I 



Clinical Manifestations of Tumor in the Posterior Fossa of the 
Skull. Death in Collapse After the First Stage. Necropsy 
Shows Disseminated Endothelioma Over the Cerebrum. 
Cerebellum, and the Entire Body. 

In October, 1906, the patient, a man forty years of age, 
began to complain of difficulty in speaking and of a sense of 
pressure in the head. Headaches, swaying, and violent vomit- 
ing gradually developed. The appetite declined and he could 
not eat on account of difficult deglutition. His walk became 
extremely uncertain. After his admission to the hospital (April 
30, 1906) the patient lay in bed apathetic and quickly tired when 
speaking. He was iniable to sit up, and when attempting to 
walk or stand, he invariably fell to the left side. The left occi- 
pital region was sensitive to the touch. There existed a marked 
choking of both discs with old and recent hemorrhages. The 
left abducens was paralyzed. AJl other ocular muscles were free. 
The left facialis was also paretic and the hearing in the left ear 
reduced. The left velum palati was hanging down, the left 
cucullaris was entirely paretic, and the left half of the tongue 
was atrophic and deviated to the left on protrusion. The sen- 
sibility of the entire body was retained. The right extremities 
were weaker than the left, and the muscles of the right hand were 
atrophic as compared with the left. Both patellar reflexes were 
ab.sent. Occasionally the Oppenheim reflex could be demon- 
strated in the right lower limb. 

Oppenheim made a diagnosis of neoplasm in the left pos- 
terior fossa of the skull with compression of the medulla and the 
pons from the left side. 

On the 9th of May, 1907. the region of the left half of the 
cerebellum was trephined. The dura was found very tense, 
bulging and without pulsations. The patient collapsed and 
did not react. Twenty-four hours later he died. 

At the necropsy (Professor Dr. Oestreich) all organs of the 
body, especially the serous membranes and the parenchyma of 
the lungs, were found studded with small, isolated and confluent 
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Fig. 1*9— Maitniliinl, 105 : I. 
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cheesy foci. The largest of these was the size of a lentil. Abla- 
tion of the dura mater showed that the surface of the cerebellum 
and the cerebrum as well as cross-sections of the brain were 
studded with dry, irregularly distributed cheesy foci, ranging 
in size from that of the head of a pin to the size of a hazelnut. 
A diagnosis of miliary tuberculosis was made. The microscopic 
exammation of these foci, however, showed them to be endothelial 
tumors and not tubercles. 

Further section of the hardened brain showed, besides a slight 
hydrocephalus internus, that not only the gray matter but the 
entire white substance and the large nuclei as well were per- 
meated by cheesy nodules ranging in size from a pea to a hazel- 
nut. The frontal brain was generally free from these nodules 
which increased in number the farther back the sections were 
made. The right occipital pole and the pulvinar thalami optici 
were destroyed by cheesy masses the size of a large hazelnut. 
The cerebellum was more affected than the cerebrum and the 
left half more than the right. In the former, two caseous foci, 
each the size of a hazelnut, were found, and in the latter a 
somewhat smaller focus was present (see Plate XLVII, Fig. c). 
A caseous conglomeration was found at the base of the brain 
between the pons and the medulla oblongata. 

The microscopic examination ( Chief -Phi/sician Dr. E. Hey- 
mann) showed the following conditions: 

Fig. 148 shows one of the many cheesy nodules that were 
disseminated throughout the brain, and which ranged in size 
from that of a miliary tubercle to the circumference of a stone 
of a cherry. The cortical gray-matter was pushed aside during 
the growth of tlie newformation. A wide necrotic area was 
found in the centre of the nodule; cellular elements were present 
at the border only. Cells with large, oval nuclei lined tlie 
numerous interwoven and branching lymph-spaces closely re- 
sembling glandular parenchyma (see Fig. 149). Outside of 
these endothelial layers, connective tissue bands infiltrated with 
small round cells were present. The interstitial connective tissue 
of lighter color with deep stained nuclei of the outer layers (see 
figure above) recalled the picture of tubular carcinoma. How- 
ever, it could easily be demonstrated that the specimen was not 
composed of glandular tissue, but that all clefts and large 
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lymph-spaces were in dose oQnnedaon with each other. The con-^ 
dition must therefore be labeled as one of multiple or metastatic 

Caseous I^mphangkhEndothelionuk 



For the sake of completeness it should be mentioned that 
actinomycosis of the brain may also give riqe to pseudo-tumors 
which Bollinger has described as 

A ctinomycomata; 

of which only two instances have been reported. 

Meta st atic CardiHHiwta off Um Dura 

While rare, metastatic carcinomata of the dura are, neverthe* 
less, met with. If the primary carcinoma does not produce any 
manifestations, we will believe that we are diealing with a per- 
forating sarcoma of the dura. 



OBSERVATION XI, 4 

Exposure of a Supposed Perforating Sarcoma of the Dura 
Mater in the Region of the Occiput. Operation Inter- 
rupted on Account of the Close Proooimity of the Confiuens 
Sinuum. Death from Pneumonia. Post-Mortem Exami- 
nation Shows Carcinoma of the Lesser Curvature of the 
Stomach. 

Ill 1894 a woman, sixty years of age, observed difficulty 
in swallowing, that was mainly perceived at the root of the 
tongue. The report from the surgical clinic tells us that half 
of her tongue was at that time resected. The patient remained 
well thereafter. In March, 1906, she began to complain of gastric 
disturbances to which she was subject from early childhood. 
In August while combing her hair, she discovered a tumor, the 
size of a phalanx of the thumb, in the region of her occiput. 
She was at that time under treatment for stomach trouble at 
a polyclinic, whence she was referred to the surgical depart- 
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ment with a diagnosis of atheroma of the skin of the head. On 
account of the evident fluctuation of the tumor and on account 
of its mobility, the skin was split. Since a profuse hemorrliage 
resulted and since the contents of the tumor were not tliose of an 
atheroma, the patient was referred to the Augusta Hospital. 

Outside of the scar of the tongue resulting from the previ- 
ous operation, a painful point of pressure in the region of the 
lesser curvature of the stomach and a slight emphysema with 
bronchitis, nothing abnormal could be found in the patient. She 
had no cerebral manifestations; the movements of her eyes were 
free and the visual fields normal. The ophthalmoscopic ex- 
amination was negative. Based on this symptomatology a diag- 
nosis of perforating sarcoma of the dura of the occiput was 
made. The long time that had elapsed since the operation on 
the tongue (twelve years) spoke against metastatic carcinoma. 
The report from the department of internal medicine of the 
Polyclinic stated that the existence of neither carcinoma of the 
stomach nor any other internal disease was demonstrable. 

The tumor exposed by the skin incision was about the size 
of a phalanx of a thumb. It was doughy in consistency and 
freely movable. On the 5th of October, 1906, the neoplasm to- 
gether with the bone surrounding it were removed. A plate of 
bone of almost quadrangular shape was resected, and an eroded 
cavity, the size of half a dollar, was found on its dural surface. 
This cavity was filled with proliferated tumor-masses springing 
from the dura (compare Plate XL VII, Figs, a and b). The 
four limbs of the sinuses confining to the torcular Herophili 
could distinctly be recognized on the dura. The tumor was 
situated immediately above the crossing of the sinuses. Since 
this exposure showed that in order to completely extirpate the 
tumor it would be necessary to attack the confiuens sinuum and 
the sinus rectus and keeping in mind my experience in Observa- 
tion VI, 4, p. 661, I decided to abstain from further operating 
in this case. The microscopic examination proved the tumor 
to be a carcinoma. This in itself was a contra-indication for 
any further procedure. Sixteen days later pneumonia set in to 
which the patient succumbed. 

Autopsy (Professor Dr. Oestreich) showed the sinus longi- 
tudinalis filled with reddish-gray, dry thrombi (the transverse 
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sinuses were free), the dura somewhat tense, the gyri flat and 
pale and the araclinoid delicate and transparent. The external 
surface of the dura presented the tumor exposed by the trephine. 
It did not involve the inner surface of the dura. The posterior 
part of the right half of the tongue was disfigured by a scar, 
and a portion of the tongue was removed. No metastases or 
enlargement of the cervical Ij-mph-glands. Pneimionia of both 
lower lobes. The stomach was contracted, almost empty. On 
its posterior wall, near ; and the pylorus, a 

medullary tumor of s( ize of a cherry, was 

discovered. The retw i were enlarged and 

hard. The mucous mi ach was grayish-red 

and softened in parts. 

Diagnosis: Carcim Metastases in the 

lymph-glands and du. 

Metastat Brain 

In 1853 Virchow was first to point out the fact that metastatic 
abscess formation in the, brain is (analogous to carcinoma) re- 
markably frequent in connection with primary suppurative dis- 
eases of the thoracic organs, especially the lungs. This was fre- 
quently corroborated by other observers. In Gower's "Hand- 
book on Diseases of the Nervous System," we find the total 
number of metastatic cerebral abscesses to be 15%. A. Young^ 
reports 52 cases with 18 metastatic abscesses, while in 86 cases 
spoken of by R. Meyer^ cerebral abscess was caused by suppura- 
tion of the lungs twelve times. Occasionally a focus of pus in 
any part of the body may be the cause of such embolic condi- 
tion. Those cases are reported that have developed in connec- 
tion with purulent pericarditis or suppurations in the abdominal 
organs, especially the liver. Occasionally phlegmons, suppura- 
tive periostitis, suppuration in the joints, panaritia, umbilical 
suppurations and complicated fractures may also be the cause. 

I recall the case of a man forty-two years of age, who de- 
veloped in connection with an attack of acute nephritis an ab- 
scess, tlie size of a hazelnut, at the base of the brain in the region 

' A. Young. An Abscess of the Brain. "St Bartholomew's Hosp. Rep.." XL, 
^R. Meyer, "Berl. klin. Wochenschr. , " 1868. 
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^V of the elivus Blumenbachu. These exceptional cases form, of 
^M course, only a very small percentage compared with the usual 
^M conditions that give rise to metastatic abscess formation; i.e., 
^1 primary suppuration in the endothoracic organs. Outside of 
^M cerebral abscesses caused by otitic, rhinogenous, or local septic 
^1 processes, the most important cause for cerebral metastases is 
^M usually an old bronchiectasis, a pulmonary abscess, or suppura- 
^B tion of the pleura. 

According to Oppenheim, the pulmonary affection that 
places the brain in greatest jeopardy is putrid bronchitis. Be- 
sides this, gangrene of the lung, pulmonary abscess, empyema 
and in rare instances, tuberculosis of the lungs with cavity forma- 
tion also come here imder consideration. My assistant, Walter 
Groth^ compiled a statistic in which suppurative diseases of the 
bronchial lymph-glands was an etiologic factor four times. The 
compilations of Claytor,' Fucks (older literature) and Groth 
(recent literature) show the following etiologic table: 
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^^^^^^.foangiiral Dissertation. Berlin, 1910. 
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left lung or the upper portion of the right. Satisfactorj' per- 
cussion could not be carried out on account of the absence of 
ribs in the right lower half of the thorax. Auscultation showed 
diminished respiratory murmur. There was a moderate cough 
with purulent expectoration which was free from tubercle bacilli. 
The urine was normal. Posteriorly, at the level of the 7th and 
8th rib on the right side about four fingers from the median 
line, an opening was found which measured 4:2^ cm. It was 
surrounded by rigid, cicatricial tissue. The thorax was here 
sunken in to an extent of abeut the palm of a hand. In the 
other part of the opening another aperture was seen which could 
be traced with the sound inward and upward to a distance of 
3 cm. When the patient was coughing, profuse quantities of 
pus were discharged .from this opening and the lung tissue pro- 
truded from it like a hernia, the size of a plum, in the form of 
a reddish mass. A real pulmonary fistula {a communication of 
a bronchus with the external opening) did not exist, because, 
when the patient kept his mouth and nose closed, no air was 
aspirated in tlie opening of the thorax. No tubercle bacilli were 
found in the sputum. 

The patient underwent an operation on the 21st of July, 1910. 
The firm cicatrix surrounding the fistulous tract was dissected 
and I resected a number of ribs together with the mucii thick- 
ened pleura and the presenting portion of the lung. During 
this, numerous abscess cavities and tracts, which were filled with 
malodorous pus, were discovered. The purulent, infiltrated sec- 
tion of the lung had to be taken away, so that finally the entire 
lower lobe of the right side was resected. The large wound was 
now closed and loosely packed with vioform gauze, and after 
the insertion of a drain into tlie upper and lower angle, it was 
sutured. The patient withstood the severe operation tolerably 
well. His general condition, temperature, pulse, and the healing 
of the wound, sliowed no peculiarities in the first days after the 
operation. 

On the fifth day, however, a striking change in the clinical 
picture took place. The patient became restless and complained 
of violent headaches which were mainly perceived in the back 
of the head. In the right arm (which had already shown a cer- 
tain rigidity the day before and could only be moved with diffi- 
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culty and diminished power), clonic spasms were observed a 
number of times. The speech of the patient was indistinct; he 
could not find the proper words, and when spoken to, he evi- 
dently did not understand. The increasing apathy and the rapid 
aggravation of his general condition did not permit a thorough 
examination for aphasia. On the sixth day twitchings were 
observed in the left h>wer extremity. He at once became dizzy 
and fell to the left or to the right side when attempting to sit up 
in bed. On the following day contractures were demonstrated 
in the left arm, the aphasia continued, the sensorium was occa- 
sionally cloudy and the patient frequently vomited. An oph- 
thalmoscopic examination showed marked bilateral optic neuritis; 
the papillic were red, somewhat swollen and cloudy, and the 
veins were tortuous and dilated. In the course of another day 
the right arm became entirely paralyzed and the spastic mani- 
festations in the right half of the body became more pronounced. 
In the last few days we could not elicit the tendon and periosteal 
reflexes. The apathy and aphasia became worse and finally 
culminated in stupefaction and profound coma. The tempera- 
ture rapidly mounted to 40" C, and Cheyne-Stokes' respiratory 
phenomenon set in. On the 29th of July (nine days after the 
operation) the patient died from progressive cardiac asthenia. 

The post-mortem examination of the brain (Professor Dr. 
Oestreich) showed remarkable findings. After removing the 
very tense but otherwise normal dura, a number of circumscribed 
foci of pus were seen on both cerebral hemispheres; i.e., in the 
parietal and occipital lobe of both sides. There were three foci 
ranging in size from that of a pea to a cherry. They were pro- 
jecting somewhat and covered with normal arachnoid. Similar 
foci were found at the base of the riglit frontal lobe and on the 
pole of the right temporal lobe. Separation of the median fis- 
sure disclosed on the left side a number of foci the size of a 
cherry. No changes were found in the sinus longitudinalis or 
in the other sinuses. They were filled with fresh, coagulated 
blood. The arachnoid at the base of the brain was delicate and 
transparent. The arteries were moderately turgid, their walls 
not altered and their lumina free from emboli. 

Section of the cerebral substance also disclosed numerous ab- 
scesses ranging in size from that of a pea to a cherry. Almost 
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every section showed new abscesses and a number of foci were 
also discovered in the region of the large ganglia and the in- 
ternal capsule. There were numerous abscesses even in the 
cerebellum and the right side of the pons. They were nowhere 
surrounded by a membrane. The cerebral substance surround- 
ing them was (Edematous and moderately vascular. The num- 
ber of abscesses was estimated to be at least seventy. 

The very small part of the remaining lower lobe of the right 
lung showed cirrhotic bronchiectases with pvirulent contents. 
The middle lobe was small and permeated with numerous bron- 
chiectases of smaller size. The upper lobe was free, vascular, 
and somewhat moist. Considerable breaches in any of the vessels 
could not be discovered. The larger branches of the pulmonary 
vein did not contain thrombi. In one of the smaller branches, 
however, a friablf thrombus was found attached to the wall of 
the vessel. The organs of the neck and the abdominal viscera 
showed nothing abnormal. There were no metastatic abscesses. 

The anatomic diagnosis was: Cirrhotic broncliiectases in the 
right lower and middle lobes of the lung. Thrombosis of a 
small branch of the pulmonary vein. Multiple, recent cerebral 
abscesses. Fatty degeneration of the myocardium. 

This case is typical in many respects. As in the great ma- 
jority of cerebral abscesses of pulmonary origin, the etiology 
was also in this case a jirimary focus in the form of a pundent 
bronchiectasis. Thrombosis of one of the branches of the pul- 
monary vein occurred in the region of a bronchiectatic cavern 
which was filled with stagnating secretions from which the 
pathogenic material was carried to the brain by embolism. It 
was also characteristic that the abscesses were located exclu- 
sively in the brain, while all other organs were free from metas- 
tases. Such a clinical picture of embolism, followed by a rapid 
development of multiple abscesses, lias frequently been observed 
in instances of pulmonary suppuration. The large number of 
foci uniformly distributed in the brain was striking. 

Soon after the appearance of the intracranial complication, 
the diagnosis of cerebral abscess was no longer doubted. It was 
only necessary to consider the general manifestations, the oph- 
thalmoscopic findings, the focal symptoms and the original 
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- trouble. In the beginning, I seriously thought of trephining, 
but the symptoms plainly pointed to the multiplicity of the 
abscesses which created a centra-indication for operative inter- 
vention. 

Operation for Metastatic Cerebral Abscess 
Contrary to abscesses of otitic, rhinogenic, and traumatic 
origin, those developing on a metastatic basis are seldom the 
subject of surgical therapy. Only few of such cases treated 
by operation are reported in the literature. I shall cite an 
instance. 



OBSERVATION XI, 6 

Empyema FoUo-anng Gunshot Wound. First Manifestatiryns 
of Abscess of the Brain Three Months Later. After Sir 
More Weeks Localization in the Left Central Region. Suc- 
cessful Operation. Death Two and a Half Months Later 
from Abscess of the Medulla Oblongata. 

The patient in this case was a young man of eighteen who, 
on the 16th of September. 1905, sustained a gunshot wound of 
the left lung, whicli was followed by a pleura-empyema. After 
the ribs were resected the suppuration continued, and in the 
beginning of January, 1906 (three and a half months after the 
injury), violent vomiting, severe chills, high fever and head- 
aches set in. These manifestations could not be accounted for 
by his attendants (the patient was at that time under treatment 
in some university clinic) and five days later they had com- 
pletely disappeared. While he was apparently in perfect health, 
there gradually developed, on the 17th of February, 1907, a 
paresis of the left lower extremity, and five or six days later, 
the left arm became paretic. From now on the general con- 
dition of the patient became gradually worse; he became weak 
and apathetic and sho%ved a tendency to somnolence. He com- 
plained of excruciating headaches. 

H. Oppenheim examined the patient on the 13th of March, 
1906 (six months after the injury to the lung), and the follow- 
ing conditions were found: There was sensitiveness to pressure 
and percussion on the left side of the skull corresponding to 
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the motor area. There was also a paresis of the right facialis, 
a total paralysis of the right arm, partial paralysis of the right 
lower extremity with spastic manifestations, slight disturbances 
of speech (articulation), excruciating headaches and occasional 
vomiting. The fundus oeuli was normal. There was no fever 
at any time. Oppenkeim made a diagnosis of metastatic^ evi- 
dently solitary abscess of the left motor area in the region of 
the centre of the facialis and the arm. He recommended an 
operation. This was carried out on the 12th of March. 

After reflecting the osteoplastic flap, the dura appeared very 
tense, strikingly red and so thin that the vessels of the pia showed 
through it. Its middle portion bulged perceptibly forward. 
After fashioning a flap, the arachnoid appeared strikingly dry 
and whitish in color. In order to obviate the possibility of in- 
fection from the contents of the abscess, the space between the 
pia and dura was carefully packed with vioform gauze. This 
was followed by multiple punctures. 2 cm^. of a puriform 
fluid was obtained from the middle of the field of operation. An 
incision about 4 cm. long was made over the area pimctured, 
after doubly ligating two large veins of the arachnoid. 

Plate XII, Fig. a, Vol. I, depicts this act of the operation. 
The brain was retracted with spatulfe at the point correspond- 
ing to the incision. An abscess cavity, which was located from 
2 to 3 cm. under the cortex, now came to view. It was sur- 
rounded by a sort of capsule and covered with smeary, grayish- 
yellow pus. The cavity was drained and packed, after which 
the osteoplastic flap was loosely reposited. 

Microscopic examination of a portion of the wall of the 
abscess showed numerous hemorrhages and infiltrations of the 
brain tissue with polyniorpho-nuelear leucocytes, besides which 
there were also foci of degeneration. The nuclei stained indis- 
tinctly and the cells and nuclei were granular. 

At the first dressing (five days after the operation) a cere- 
bral prolapsus the size of the fist of a child was foimd which 
dislodged the drainage-tube. Gradually, in the post-operative 
course of the case, it became smaller, so that fourteen days after 
the operation it projected oidy li/o cm. above the level of the 
skiiU. After taking away a number of degenerated parts of 
tissue, the flap was reposited and sutured to the skin with silk 
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because, in a certain part of the dressings corresponding to tlie 
prolapsed brain, fresh blood was seen. The patient was vomit- 
ing and complained of severe headaches and a spastic paralysis 
was noted in the right lower extremity. At the end of April 
he could not execute active movements at all with that limb. 
The motility of the right arm was completely gone with the 
exception of inward rotation. The left lower limb also showed 
spastic manifestations (ankle-clonus, liabiiiski, exaggerated pa- 
tellar reflex). To this, motor disturbances of irritation were 
added so that on the 15th of April, clonic-tonic spasms set in, 
which began in the lower extremities and remained here strongest. 
Both arms were also twitching, and the head, the bulbs, and 
the left angle of the mouth were drawn to the left. This attack 
lasted ten minutes and was accompanied by loss of consciousness, 
after which the right angle of the mouth was seen twitching. 
Outside of the motor disturbances of irritation mentioned, symp- 
toms pointing to a bulbar disease were noted about the middle 
of May. The patient could no longer articulate, he frequently 
swallowed the wrong way and gradually became weaker. He 
died on the 19th of May (about two and a half months after the 
operation), with all symptoms of respiratory paralysis. 

There is a great probability that another abscess had devel- 
oped in the medulla oblongata. It is also possible that this focus 
developed simultaneously with the first; this may have been 
responsible for the disturbances of articulation. No autopsy. 

This observation is in many respects the counter-picture of 
Observation XI, 5. In the latter, the course was acute, lasting 
a few days, while in the former, it extended over a period of 
months. The initial stage was characterized by febrile disturb- 
ances that continued for a number of days and were accompanied 
by headaches, vomiting, and chills. This was followed by a 
longer period of complete latency, during which the patient was 
apparently well, and finally the disease manifested itself by 
focal symptoms and distinct signs of cerebral compression. 

Despite the fact that the second abscess appeared only later, 
operative intervention was decidedly justified. At the time of 
the operation all symptoms distinctly pointed to a localization 
of the focus. The second abscess evidently remained latent. 
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The operation had, therefore, been performed despite the experi- 
ence that metastatic abscesses frequently occur multiple. Surgi- 
cal intervention is the only way that may lead to a cure of the 
patient, because spontaneous cure of a cerebral abscess by cal- 
cification and resorption of its contents, or evacuation to some 
part on the surface has not as yet been conclusively proven to 
ever take place. 



It is a po: iboli following suppurative pro- 

cesses in the I brain by preference. This fact 

is still more rei e think that endocarditic emboli, 

the result of e :t other organs nmch more fre- 

quently than ■ idney and spleen are first to be 

affected in this enty-six cases of emboli from the 

left heart, whici. )rted in his Inaugural Disserta- 

tion in the Report j Sections of Virchow's Institute, 

in 1872, the kidn ed 57 times, the spleen 39 times, 

and the brain only 15 times. Such emboli are therefore third 
in frequency. Gfrotk endeavors to explain this fact on the 
mechanical conditions of the circulation. He states that it makes 
a great difference whence the thrombus is dislodged; i.e., whether 
it arrives in the left heart from the lungs, or whether it is torn 
away from the endocardium itself. 

Professor Oestreick offers the following explanation: Be- 
fore a foreign body floating in the aorta reaches the cerebral 
arteries, it naturally arrives first at the point of origin of the 
large vessels of the neck. Such a body would therefore leave 
the left ventricle in such a manner as to soon reach the direction 
of the blood-current just alluded to. Those elements, on the 
other hand, that come from the mitral or the aortic valves and 
lead to embolism, course in the axis of the blood-stream of the 
aorta and therefore occasion, as stated, more frequently em- 
bolism of the spleen and kidney than of the brain. 

Detached particles coming from the pulmonary veins at first 
meet in the left auricle a current, the direction of which does 
not lead straight to the mitral opening. It is therefore possible 
that they are thrust against the auricular wall, whence they 
travel in the border of the stream along the left border of the 
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left ventricle and the septum; i.e., on the convex wall of the 
aorta. This may explain why emboli originating in the lungs 
are so frequent in the brain. 

The finer the division of the material coming from a septic 
thrombus into the blood of the carotids, the greater the number 
of metastatic abscesses and the more uniform their distribution 
in the brain. The result will then be as in our first case (Ob- 
servation XI, 5. p. 916). If the einboH are larger, they attack, 
preferably, the distribution of the arteria fossse SylvU (especially 
the left). In this category belong the abscess operated upon 
in our second Observation (XI, 6, p. 920). 



Solitary Metastatic Abscesses , 

In looking through the literature on the etiology of metastatic 
suppurations of the brain, I find three cases described in which 
a correct clinical diagnosis was made of the location of the ab- 
scess in which an operation was not undertaken for the reason 
that metastatic abscesses of the brain are believed to be in- 
variably multiple. In all of these cases the post-mortem ex- 
amination showed a solitary abscess which could undoubtedly 
have been benefited by an operation. Bibrowicz^ reproaches 
himself for not having operated, and emphasizes the fact that 
it is chagrining to the surgeon to find at the post-mortem ex- 
amination an uncomplicated, easily accessible focus of pus. The 
statement that the great majority of cases of metastatic sup- 
purations of the brain are multiple cannot be verified by actual 
clinical experiences. Forty-five per cent, of the cases of abscess 
reported in the literature of the last twenty years were solitary. 

'Beiti^e zur Klinik un<I Chirurgie dea Hirnabszeases. Bruns' Beitrage zur 
UiniBchen Chirurgie, Bd. XLVII. 




Injuries of the Brain 
Cerebral ( luinn rw^kml rrtntiuion, Cerebral Coin- 



All injuriei g in connection with or 

without an exi ated by fractures of the 

skuUi may gir^ ssion, cerebral contusion 

and cerebral c ;se three conditions may 

frequently api or less marked degree. 

By 

Ooneuulon of mmotio Cerebri) 

we understand all those disturbances of function that occur im- 
mediately after an injury and whidi may last from a few min- 
utes to many hours. The symptoms are principally those of 
the general cerebral manifestations which we find in many other 
tHinditions : headaches, rigidity of the back of the neck, vomiting, 
psychic excitation, pallidity of the face, disturbances of con- 
sciousness which may be of various degrees (even profound 
conm), and affections of the pulse and respiration, either re- 
tardation or acceleration. Paralyses and manifestations of irri- 
tatii)n may interchange. Complete cure may be expected in mild 
cases. If such be the case tlie disturbances of circulation, to 
which tlic manifestations are mainly due, soon adjust themselves. 
In severe cases there is no such recuperation, and the concus- 
sion may in a short time lead to the death of the patient. 

When we study the symptoms individually, we find that 
«,H»ucnssiou of the brauu if more than of mwlerate degree, leads 
ti> inuimliate lt.>ss of cx»nseiousness. snoring respiration and com- 
plete loss of reaction even lu the most sensitive parts of the body 
(i\>riu'a). The pupils are widely dilate! and do not react to 
liglit. The patient vomits and has involuntary actions of the 
bladder and rectum. The pulse may be extremely variable. It 
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may be higfalr accelerated, fluttering and irr^ular, or it may 
be sk)w and full. In srane instances the slightest moreuients 
of the patient inll influence the rhythm in the extreme. This 
cooditicKi may set in immediately after the injury and the pa- 
tient may remain unconscious for a number of days or be may 
aooD become mentally clear again, and the suspended fiuictioiis 
are then reestablished. In such instances the patient cuuiptains 
of violent headaches. It is characteristic of these cases that the 
individual does not recall an>'thing relating to the injury. 
There niay also be amnesia with reference to occurreiKes im- 
mediately preceding the accident. 

In the severest cases the patient does not awaken, and death 
auper\-enes under manifestations of respiratorj" or cardiac par- 
alysis. Improvement of all manifestations does not always nm 
the same course. A word of caution is here necessary. In cases 
that have progressed satisfactorily there will at times suddenly 
set in threatening sjTnptonis without the existence of an actual 
morbid focus within the skull. This fact should be taken c»>g- 
nizance of, for irreparable damage may be done by surgical 
intervention at such times and under these circumstances. 

In the case of a woman, forty-eight years of age, who sus- 
tained a severe fall on the left side of her head the severe mani- 
festations of cerebral concussion had regressed within a day. A 
pure biliary vomitus was ejected exactly twenty-four hours after 
the casualty. She regained at the same time consciousness 
which was interrupted by relapses. Her pulse, which at first 
was 56 beats per minute, had regained its normal frequency 
of from 80 to 84. and the headaches were no longer severe. 
Forty-two hours after the accident, the pulse fell to 58 beats 
per minute and it had the characteristics of increased cerebral 
pressure (hard, full, slight Irregularity). This was accom- 
panied by violent frontal Iieadaches and pains in the back of 
the neck, hut there was no vomiting, and the taking of nourish- 
ment as well as the functions of the bladder and rectum were 
normal. These threatening manifestations continued for about 
three days. On the fourth day tiiey began to recede and the 
headaches disappeared. On the following day the pulse mounted 
to 70 beats per minute, its tension and hardness regres.sed. and 
the patient felt comparatively well. Vertigo upon lifting the 
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head, which was occasionally accompanied by nausea, <i ^ 
peared after six more days, after which the pulse became r».«::». - 
again. Outside of slight lachryniation from the left ey^^ ^ 
patient remained entirely free from disturbances for xr^m: 
years. 

I have repeatedly observed similar manifestations. I s<=»^ 
their explanation in the following observation. Every c:;<=vl 
sion, no matter in what portion of the body, is followed ^ 
after the injury (usually two or more days) by processes 
reaction; viz., ii'dematous swelling, infiltration of the tits^ 
with round-cells accompanying the extravasations of blood, ^ 
increased pain. In distortions of the joints the inflamniatf 
(traumatic) oedema (oedema caliduni) is a constant manifest 
tion. These processes are in all probability present in cases < 
cerebral concussion. In contradistinction to cerebral eontiJS-»<^ 
we do not find microscopic changes in cases of concussioji, ai^* 
the general appearance of the brain substance and its nutritio-'" 
remain undisturbed. We must remember, however, that th* 
nature of these changes is speculati%'e and that traumatic changes 
in the cerebral substance, while not accessible to observation* 
nmst nevertheless exist. Tlie reaction of the brain to traumatiza- 
tion in these cases would in all probability be essentially the 
same as those of coarse contusion; i.e., sugullation, cedema, and 
round-cell infiltration. 

If now, as is usually the case in cerebral concussion, large 
portions of the brain are affected, the occurrence of even slight 
oedema would necessarily be followed by an increase of the cere- 
bral volume within the rigid skull to such an extent that slight 
manifestations of cerebral compression would ensue. Thfr 
morbid manifestations will then disappear in a few days in 
correspondence with the degree of resorption of the pathologic, 
transudate or exudate. The last circumstance proves con- 
clusively that the symptoms in a given case were not occasioned 
by a large extravasation of blood or a morbid focus confined 
within tbe skull. However, in some cases the symptoms will 
warrant the latter assumption if a few days after the accident." 
(at a time when the manifestations of cerebral concussion are, 
iisually receding) such symptoms as paresis of one facialis, 
differences in the pupils, loss of reaction of one pupil, diplopia., 
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as a result of disturbance of the ocular inovenients, are observed 
to occur. Under such circumstances we will think of contusion 
of certain sections of the brain, extravasations of blood and in- 
volvement of the nerves at the base of the brain. Nevertheless 
even these manifestations do not call for surgical intervention so 
long as they show tendencies to regression. With these state- 
ments we have already encroached upon the chapter on Cerebral 
Contusion, the manifestations of which are in many respects, 
similar to those of cerebral concussion. In 

Cerebral Contusion (Contusio Cerebri) 

the nervous elements are damaged by applied force. The dam- 
age thus created may escape the eye of the observer and yet 
may be severe enough to cause the death of the patient. In 
other instances again extensive distortion of tlie cerebral mass 
is discovered at the post-mortem table. Tlierc are many grades 
between these two extremes. In cerebral contusion also, the 
symptoms occur immediately after the infliction of the injury, 
but in contradistinction to concussion they last longer. This, 
of course, is easily explained on an anatomic basis. Further- 
more, focal manifestations are characteristic of cerebral contu- 
sion. This is of greatest diagnostic value when the cortical 
region of the central area is involved, because, as seen above, 
every contusion or disturbance of tlie nervous elements in this 
region will give rise to characteristic symptoms. The clinical 
manifestations resulting from traumati/ations of the respective 
cerebral areas are those found in neoplasmata of the various 
regions spoken of above. 

Rises of temperature in connection with injuries <if the brain 
are also of value if inflammatory processes can be excluded from 
the etiologj- of the case. Transient elevation of temperature is 
observed in cases of concussi<in. moderate hyiJcrthermia is seen in 
eases of hematoma, but continued aiid steadily rising fever 
points to cerebral contusion. So-called brain-fever, which should 
more properly be called hyperthermia, has been spoken of in 
another chapter. It depends upon a disturbance of the regula- 
tion of heat akin to thermic disturbances found in paralyses. 
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Cerebral Compression (Compressto Cerebri) 
results from injuries that cause tearing of a large vessel either 
within or outside of the dura mater, thereby occasioning an 
extravasation of its contents into the interior of the skull. The 
symptoms produced in this class of cases will be spoken of in 
the chapter on "Treatment of Intracranial Hemorrhages." 

Treatment of Cerebral Concussion and Cerebral Compression 
The first principle in the treatment of concussion of the 
brain is absolute rest. Even after the severe manifestations have 
vanished the patient must abstain for a long time from all 
forms of mental and physical exertion. For we frequently find 
that there remains in these cases a slight irritability of the 
meninges and of the cortex cerebri, so that every exertion pro- 
vokes immediate headache, and the pulse is infiuenced in its 
quality and rhythm. Exaggerated reflexes are also an objective 
sign of sucli states of irritability. The brain will best recuperate 
when permitted to enjoy complete repose. In the treatment of 
cerebral contusion, outside of taking care of threatening symp- 
toms, the best course to pursue is one of expectancy. Leaving 
the patient alone, especially children, will save many a life which, 
if subjected to prompt surgical intervention, will be placed in 
great jeopardy. 1 recall the case of a baby, eleven months old. 
who fell out of a baby-carriage rolling down the stairs. The child 
sustained a severe injury to the head and was brought to me 
in a totally stupefied, reactionless condition, with extremely un- 
equal pupils, .snoring respiration, and irregular, slow pulse {60 
to 70 beats per minute). There existed a slight motor agitation 
in which the right extremities participated to some extent and 
the right facialis was paretic. There was repeated vomiting. 
No evidences of external violence could be discovered. On the 
following day the pulse was arhythmic and quickly movnited to 
136 beats per minute. On the fourth day it went up to 144 
and the temperature, which was normal until that time, rose 
to 38.8" C, and on the following evening to 39.2" C, after wliich 
it gradually fell to normal. The pulse sank simultaneously to 
116 beats per minute, then to 100, and it finally became regular. 
Twenty-four hours after the injury the little patient became 
conscious again, but the right arm was completely paralj*zed 
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and the right faciahs and the right lower extremity were paretic. 
In the following two days frequent Jacksonian spasms were 
noted in the right half of the hody, occasionally assuming a 
general character. These convulsions ceased after the fifth day, 
the child became livelier and it recognized its mother. For two 
more days twitchings of the right angle of the mouth and of the 
lower jaw were observed, but these also finally ceased. The pa- 
tient now gradually recovered. Three weeks later it executed 
isolated movements with its right arm, but these were nmch 
reduced in power and the hand was spasmodically closed. When 
she was sitting, the little patient soon became pale and, after a 
brief period, fell to the right side. Six weeks after the injury 
all manifestations had vanished. 

In this instance we were dealing with a cerebral contusion 
which was responsible for the local manifestations of irritation 
of the motor region. It teaches that expectancy is proper treat- 
ment. We must not forget that even in cases of Jacksonian 
epilepsy an expectant course is justifiable, and will not infre- 
quently yield satisfactory results. A good example is offered 
in Observation I, 19, Vol. II, p. 480. A review of the chapter 
on "Traumatic Epilepsy" is also recommended in this connec- 
tion. 

Severe and continued paretic manifestations indicate the 
exposure of the corresponding cerebral section. So much has 
been said with reference to technic, etc.. that I need mention 
this fact only. Injuries in connection with external wounds and 
intracranial hemorrhages require separate consideration. 

Treatment of Wounds of the Brain 
In treating injuries of the skull it makes quite a difference 
whether they are complicated by an external wound or not. In 
instances where the skin is intact, the best course to pursue is 
to wait, that is, when increasing symptoms of cerebral com- 
pression do not force us to interfere. Ulunt force may, especially 
in young individuals whose crania are elastic, cause a contusion 
of the cerebral cortex without fracturing tlie skull. Cerebral 
contusions will also result in cases where, for instance, the patient 
is thrown from a horse, etc., without necessarily fracturing the 
base of the skull. This may be accompanied by exudations, 
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meningitis serosa and similar processes, the discussion of which 
I need not enter on in this chapter. It should be mentioned, how- 
ever, that I have frequently observed such injuries to be fol- 
lowed by a decrease in the pulse-rate to 40 beats per minute 
(patient in dorsal decubitus), disturbances of certain cerebral 
ner^^es (facialis, movements of the eyes), headaches and asthenic 
conditions which would continue many months after the injury. 
The brittle lamina vitrea fractures bv far more easilv than the 
diploe and the external table. Tearing of the lamina vitrea 
and spiculs of bone may injure the membranes of the brain 
or the cerebral substance itself. X-ray examinations, especially 
stereoscopic pictures in their present day of perfection, will 
usually lead to a correct recognition of the existing injury to 
the bone. 

In cases where the skin is injured, I consider it good prac- 
tice (in times of peace) to cleanse and disinfect the wound and 
apply over it an aseptic dressing and to await further develop- 
ments. There is no doubt that such treatment has in the ma- 
jority of instances been followed by satisfactorj'^ results. How- 
ever, without a thorough examination of the wound we are never 
able to tell whether there exists a fracture of the bone or not. 
We are also in the dark as to whether the dura has been torn, 
and what is most important, whether or not foreign bodies have 
penetrated into the depth which may invite infection of the 
wound. A young man of twenty-one was admitted to the hospi- 
tal, suffering from what appeared to be a slight scalp wound 
which was treated in the above manner. Four days after the 
injury, symptoms of typical meningitis developed, to which the 
patient succumbed a few days later. Underneath the agglu- 
tinated wound, a fissure of the parietal bone was found, the 
lamina vitrea was splintered and the dura was extensively torn. 
The contused cortical tissue contained a few hairs. Cortical 
symptoms were not present. This is not surprising when we 
consider that the injury was inflicted in the region of the right 
parietal lobe — a silent territory. Failure in one case outweighs 
ever so many hundreds of successful cases when we consider 
how easily this patient could have been saved by a slight inter- 
ference immediately after the injury. Therefore, any case in 
which there is the slightest suspicion that the wound of the 
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scalp has become infected, should under all circumstances, be 
laid widely bare. We should also not shrink from trephining. 
With the exception of simple gunshot wounds, I am against 
expectant treatment of cerebral injuries. 

To be more specific, I am not limiting myself even in ex- 
ternal wounds of small size to a simple aseptic or antiseptic 
dressing, but proceed in a manner as if dealing with a com- 
poimd fracture of the leg; i.e., I enlarge the wound of the skin 
and expose all pockets and recesses, cleanse them of foreign 
bodies (hairs, sand, etc.), remove blood coagula, cut away con- 
tused and mashed tissues, extract splinters of bone and wipe 
away, if need be, destroyed masses of cerebral tissue or ablate 
them. It is oecasionally also necessary to enlarge the wound 
of the dura and thereby obviate the possibility of retention and 
decomposition of wound secretion. After the hemorrhage has 
been carefully arrested, the wound thoroughly cleansed and 
dried with sterile gauze, it is sufficiently retracted to permit 
thorough inspection, after which it is tamponed with sterilized 
iodoform or vioform gauze. This kind of treatment will eause 
even badly infected wounds to clear up. It is best to use the 
gauze tampon.s in the form of wicks. This permits to reposit 
the flap over the wound and suHicient space may be left for the 
emergence of the gauze to suit the individual case. Partial 
suture of the wound prevents to a certain measure the occur- 
rence of the much-dreaded cerebral prolapsus which will be 
more likely to occur the greater the tearing of the pia. It is 
frequently necessary, however, to later on eover the prolapsed 
brain by a jdastic operation and to utilize the upper layers of 
the bone to accomplish the desired result. 

Of course, so unfortunate an outcome as in the ease just 
related is only seldom observed. Even severe injuries of the 
brain with much bruising and external wound may run a per- 
fectly aseptic course. Completely detached spicule of bone 
may heal in the cerebral substance. This, of course, happens 
in the absence of septic infection. Such cases may lead, after 
years, to the formation of fistula. As stated in the chapter on 
"Traumatic Ejnlepsy." disturbances in tJie central region as a 
result of injun,' may occasionally be very slight, and JacKsoman 
spasms do not always occur. 
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OBSERVATION XII, 1 




Splinter of Bone in the Centre of the Foot. Fistula Forrrm -^ 
Removal of Splinter. Cure. J 

In February, 1899, an iron bar fell on the head of ^' B 
sixteen years of age from a considerable height. She los^ ' 
senses and after regaining consciousness, a right-sided lieniij?' ^ 
was found without participation of the right facialis. A. <^*-^ 
plicated depressed fracture affected the upper and middle 1^ 
tion of the left central region. Trephining was done in a tr^ 
tain hospital and the patient recovered. The mobility of tr^ 
right arm gradually returned and the lower extremity a'^ 
gained in strength and its movements were free. 

On the 5th of March, 1902 (three years after the accident); 
the patient was admitted to the Augusta Hospital. She com* 
plained of paralysis of the right leg, severe general headache* 
and pain in the scar. An oblong scar, about 7 cm. in lengthy 
was foimd between both parietal bones in the direction of the 
sagittal suture and a funnel-shaped defect, about 3 cm. in width,, 
was present, in the centre of which a fistula was visible. The 
examination of the ner\'ons system showed the following con- 
ditions: With the exception of the right ankle-joint all joints 
were freely movable. The ankle and joitits of the toes coidd 
not be moved actively in any direction. Passively, the right 
■ foot could be moved plantarward; dorsal flexion was possible 
only after overcoming considerable resistance. With the patient 
quiet in bed the right foot was in slight plantar flexion and the 
toes dorsally flexed at the metatarso-phalangeal joints. The 
patellar reflex was very lively on the right side and on the left 
it was normal. The Achilles tendon reflex was somewhat more 
exaggerated on the right than on the left side. Besides this», 
the Babinski phenomenon and ankle-clonus were also present on 
the right side. The sensibility for slight contacts with the point 
of the needle was everywhere retained. The right leg was con- 
siderably cooler than the left. 

On the 12th of March, 1902, I excised the scar and laid bare 
the area of the old fracture. It corresponded to the centre of 
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the foot. A fistula was found that permitted the passage of 
a medium sized probe to a depth of ■J4 cm. (measured from the 
dura) . At this point an obstruction was met with that imparted 
the impression of a piece of necrotic bone. The entire indurated 
area was excised down to the normal brain substance. It was 
about the size of a cherry and a sequestrum tlie size of a lentil 
was found imbedded in granulation tissue about its centre. A 
cavity as large as a walnut remained behind in the brain. This 
WPS packed with iodoform gauze. The defect in the bone was 
covered with a Kunig flap. 

The result of the operation was satisfactory. Only few 
nervous disturbances remained behind and these were mainly 
limited to the big toe of the right foot. On the 24th of April, 
1902, the coarse motor power of both lower extremities was con- 
siderable. The right big toe, however, was still in strong hyper- 
extension. Its spontaneous movement was impossible. The 
cohtracture, however, could be moved passively to a considerable 
extent. With reference to the sensibility in the toe and its vicin- 
ity, the patient felt contacts and located them in a normal man- 
ner. She perceived differences of temperature, pain and pricks 
with a pin; she also recognized the warmth of the hand. She 
was entirely imconscious of movements of the peripheral joint 
of the big toe, when the central one was fixed. She perceived 
electrical irritation of the extensor halliicis longus to a ce;iain 
degree. The function of the centre of the foot was practically 
restored with the exception of a disturbance in the sense of posi- 
tion which was limited to the big toe. The sensibility returned 
completely. After the operation all morbid manifestations com- 
pletely disappeared. 

Wliere threatening cerebral s>Tnptoms develop or in cases 
where splinters of bone driven into the brain cause manifesta- 
tions of irritation and paralyses, we have sufficient reason for 
operative intervention, as seen from the following observation. 
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Open Injury of the Right Central Region ■with Left-Sided 
Partdym. Removal of Four Splinters of Bone from the 
Torn Brain. Cure, rcith Almost Complete Restoration of 
Function. 

A man, twenty-one years of age, was injured on the 30tli 
of October, 1908, while working in tlie field, by a prong of a 
hay cutter, which created a scalp wound about 1 em. in length 
about the middle portion of the right side of the head. He did 
not lose consciousness, but vomited profusely. He fell to the 
ground and cotild not stand up. He was admitted to the hospi- 
tal on the 9th of November and he complained of violent liead- 
aches which were located in the deptii of the non-sutured and 
partly united wound of the scalp, which lay .5 cm. to the side 
of the median line and 3 cm. in front of the central fissure 
(Kronlein construction). The temperature was 37.8'' C, and 
the pulse 70. There was a spastic paralysis of the left ex- 
tremities, 

The spasticity was quite marked in the pectoralis major, the 
elevators of the shoulder, the latissimus dorsi, and in the flexors 
of tiie elbow-joint; they were slighter in the pectoralis minor, 
in tlie pronators of the forearm and in the flexors of the 2d to 
the 5th fingers. 

Outside of slight extension of the thumb and index finger 
and a little flexion of the thumb, index and middle fingers, all 
active movements were extinguished. After two or three move- 
ments, the power to act ceased even in these muscles. All peri- 
osteal and tendon reflexes of the left arm were exaggerated. 
The left lower extremity was entirely immobile and showed 
marked rigidity in the hip. knee, and ankle joints. Patellar reflex 
and ankle-clonus of moderate degree, Oppenheim's, Babinski's 
and Bechtereic-Mendel's signs were absent. 

Tests of the sensorium and tlie ophthalmoscopic examination 
were negative. The sensorium was free. When the head of the 
patient was moved passively, no restriction was discovered and 
he did not complain of any pain. 
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X-ray examination showed, about the middle of the right 
parietal bone, a defect measuring about Jl^ cm., under which 
four shadows were seen which were taken to be splinters of bone. 




t''k'. 1 



On the 10th of Xovember tlie right central region was 
trephined. After reflecting the osteoplastic flap the dura pre- 
sented. It was tense, non-puisating, and in parts ragged. A 
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funnel-shaped opening was found about the middle of the tabula 
vitrea which was filled with degenerated cerebral tissue of a. 
grayish-red color. This was directly traceable from within out- 
ward to the cicatrized wound of the scalp. Corresponding to the 
opening, an elevation of cerebral substance, measuring about 3 
cm. in diameter, was found on the injured dura from which 
three superficially situated splinters of bone about the size of 
a pea were removed. Since, however, the X-ray plate showed 




a fourth shadow, I carefully probed the contused cerebral mass, 
and at a depth of about 1 cm. I met with resistance. This proved 
to be the last splinter, which was carefully extracted with a pair 
of dissecting forceps. 

The wound was loosely tauiponed with iodoform gauze which 
was carefully packed all the way around between the dura and 
the brain. This was done on account of the soiled appearance 
of the brain. The cicatrized scalp wound was renpened and a 
drain introduced through it and made to rest on the tampon.. 
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Besides this, another drain was introduced in the upper anterior 
angle of the flap where the iodoform tampon was emerging. 
The final step of the operation was now performed, which con- 
-sisted of closing the wound in the usual manner hy exact 
suturing of the osteoplastic flap. The tampons and drains were 
removed nine days later. Healing was perfect, and no liquor 
was discharging. 

Immediately after the operation the active mobility of the 
thumh and index finger was entirely extinguished. The find- 
ings were otherwise the same as before. On the following day 
a fairly extensive ability to functionate was noted in all fingers, 
but these soon ceased after executing the movements about six 
■ or seven times. The patient was able to almost completely close 
his fist. On the lower extremity, however, no change could as 
yet be observed. 

On the 12th of November the patient was able to actively 
move the fingers of the left hand for more than twenty times 
without much fatigue. The spastic resistance in the shoulder 
and elbow joints had considerably decreased. On the following 
morning the patient was able to bring his left hand to his nose. 
Active movements could satisfactorily be performed in all joints 
of the left arm. The motor power of the left hand had con- 
siderably increased. The spasticities in the upper extremity 
were gone. In the following days the mobility and power of 
the arm had still more improved, hut the lower extremity showed 
no changes in this respect, with the exception that the spasticities 
were almost gone. No pathologic findings could be demon- 
strated in the facialis and in the area of the trigeminus. There 
were no sensory disturbances in the left extremities. 

On the 27th of November, about seventeen days after the 
operation, the patient was able for the first time to slightly 
abduct, adduct, flex anil extend his left lower extremity in the 
hip-joint. This improvement was more marked in the course 
of the following days, and it soon extended to the knee-joint 
so that the patient was able on the 4th of December (after three 
and a half weeks) to get up and walk when supported. Active 
mobility in the left ankle-jnint was gradually reestablished, but 
in the joints of the toes it liad not as yet returned on the day 
the patient was discharged from the hospital {.lanuary 10, 
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ceed without any sjTnptonis. This is the case when the regions 
involved are of minor significance or where the trouble proceeds 
tiirough the tract of injured brain tissue created by the shot. In 
such cases repeated X-ray examinations will aid us greatly to 
follow the bullet. 



OBSERVATIOX XII. 3 

Revolver Bullet in the Right Upper Parietal Lobe. Bullet Re- 
turned to the Region of its Point of Entrance in the 
Neighborhood of the Frontal Eminence. 

On the evening of the 2d of September, 1909, a young man of 
nineteen was shot over the right eye with a revolver of 6 mm. 
calibre. The point of entrance was close below the frontal emi- 
nence. Dr. Dandelski, of Posen, informs me that the patient 
retained full consciousness and during the same night vomited 
repeatedly. The left half of his body, including the entire region 
of the facialis, was at once paralyzed, and in the first ten days 
after the accident there was diplopia. An X-ray examination, 
made on the 8th of September, in Posen (see Fig. 152, p. 942), 
showed that the bullet was located in the posterior upper portion 
of the skull in the region of the upper parietal lobe, while its 
point of entrance was below the tuber frontale and was marked 
by a small, narrow slit. The track of the gimshot woimd, there- 
fore, ran sagittally and somewhat posteriorly and upward 
through the right hemisphere. No spasms. After tiie shock 
was over, the paralyses gradually regressed in the following 
order of succession: At first facialis, then fingers, forearm and 
arm, then thigh and finally leg and foot. The wound healed 
without reaction. Ttic patient left his bed in tlie eleventli week 
after which he was rolled about in a wheel chair for two or three 
weeks. After that he was able to walk on crutches and finally 
he dispensed with these. Since the beginning of January, 1910, 
the patient walked about without any support. 

Another X-ray examination, made also in Posen on Dec. 
20, 1909, showed the same conditions as found on Jan. 28, 1910, 
in the picture made for me by Dr. Immelmann, of Berlin. (See 
Figs. 153, 154.) The patient was sent to me at that time and 
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only the following morbid manifestations were demonstrable: 
There existed a slight flex ion -contractu re of the left knee which 
caused a somewhat spastic gait; the peroneal group was slightly 
paretic. Reaction of degeneration was nowhere demonstrable. 
On the inner border of the left foot and in the big toe, contacts 
with the brush and pricks from a needle were occasionally in- 
tcrelmnged. Tlie sensation was otlicrwlsc intact. Unbiiinki's 




phenomenon was present on the left side. The oplithalmoscopic 
examination was negative. These findings therefore contraindl- 
cated a removal of tlie bullet. I advised expectancy under the 
supervision of a physician. 

The Roentgengrams sliow tliat from the time the patient 
had left the bed {from the middle of Xovember to the 20th of 
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liccoiiiber) to the time of the second X-ray exposure, the bullet 
had returned to the region of its entrance to the front. It now 
lay in the roof of the orbit a few centimetres from the frontal 
bone. It was foimd in the same position as observed at the 
examination on the 28th of January (at least five and a half 
weeks later). From this we may expect that the bullet will 
become encapsulated in this situation. The wandering of the 
bullet in the brain from posteriorly above to the front below has, 
according to the statements of the patient, produced no other 
symptoms, outside of brief periods of headache of the same char- 
acter as at the time of the injury. 

At other times again, bullets will produce manifestations of 
greater or less severity depending upon the sections of the brain 
involved. Occasionally, although rarely, the basal nerves are 
compressed. In these instances distinct symptoms are produced. 
If this be the case, we find a clear indication for the extraction 
of the bullet, which should be done immediately after its position 
has been ascertained by X-ray examination; for otherwise it 
would change its site again. 

Like bullets, considerable parts of blades of knives may heal 
within the brain and remain there for a long time if not compli- 
cated by septic infection followed by the formation of an abscess 
(compare Observation X, 1. p. 845). If they remain without 
irritation it is best to leave them alone and they should be at- 
tacked only when causing disturbances. An example follows. 

OBSERVATIOX XII, 4 

Broken Blade Healed in Brain for Fifteen Years. Left-Sided 
Epileptiform Spasms. Extraetion of Blade. Cure. 

A machinist, thirty-two years of age, was referred by a Cas- 
ualty Association to the Augusta Hospital for observation on 
account of epileptic spasms. When admitted he gave a history 
of having been struck on the right side of the head by a falling 
piece of metal while repairing a belt five years ago, and that he 
occasionally suffered from spasms since that time. His former 
attendants branded him as a malingerer. However, the X-ray 
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examination taken by us threw light upon the situation. While 
at the hospital a number of left-sided epileptiform eonvulsions 
were observed in the face, in the abdominal nuisculature and 
sliffhtly in the upper ex'treniily. Since a nuniber of smooth sears 
were found that indicated an old injury to the skull, on the 
right median portion of tlie head, two Roentgengrams were taken 
on the 4-tli of l-'cliniaty. l'.)lllt (from the side and from beliind). 




in the Urain for Fifteen Years 



These showed tlie presence of a broken blade of a knife in the 
form of a sharply outlined shadow. The base of the blade cor- 
responded to the inner surface of the skull and its point was 
directed downward and forward toward the middle fossa of the 
skull. 

The patient was very much surprised when the negative was 
shown to him. He did not have the slightest idee of the presence 
of a foreign body in his craniimi. He was refused the payment 
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of hiiJ. benefits by the company for the reason that he 
^i^^p^i simulator. A few days after the operation wfj^^ 
sIk>w^ hiai the blade of knife removed from his skull, he ^ 
mittvtl that in 1908 (ten years prior to the accident referred ^ 
h<^ participated in a fight with knives when he sustained an in J i^^ 
tv> the right upper temporal region. Careful inspection of th^ 
place actually disclosed the presence of a scar about 1^ cm. ^^ 
length. The blade had in all probability entered the skull ^* 
this place while the scars found in the right median region of 
the head, posteriorly, were probably due to the accident men- 
tii>neil above. 

An operation was undertaken on account of occasional epi- 
leptic attacks and headaches. The patient was trephined cor- 
iTsponding to the base of the right central region, so that the 
jK)int of entrance of the knife (scar) corresponded to the middle 
of the trephined opening. After reflecting the osteoplastic flap, 
palpation showed the dura to be surprisingly smooth. It was 
fairly tense, however, and pulsating. No scar could be found 
on it. Retraction of the incision of the skin to an angle of about 
forty-five degrees and after the removal of the bone with a pair 
of rongeur forceps, a black metal body came to view with its 
broken end first. It was surrounded by a fairly dense capsule of 
grayish-yellow color. The dura was now split all the way around 
so that the entire focus lay exposed. A destroyed mass of cere- 
bral tissue of black color was now visible and capsule and foreign 
body could together be carefully removed from the brain sub- 
stance with dissecting forceps. For the sake of safety a strip 
of vioform gauze was introduced into the brain. 

It should be added that the broken surface of the blade stuck 
partly in the dura and its presence was betrayed more by the 
black discoloration of the immediate vicinity than by its own pro- 
trusion. It was directed obliquely medianward, downward and 
forward into the cerebral tissue corresponding to the border of 
the anterior central convolution and the frontal brain. The 
wound was closed in typical fashion by separate suture of the 
periosteum and the skin. The strips of gauze were made to 
emerge from the anterior lower angle of the wound. 

The black, rough-looking blade of the knife measured 4 cm. 
in length and 1.2 cm. in width. The opening made with the ire- 
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phine was originally placed too high. This mistake was ocC^-^ 
sioned by the X-ray pictures, despite two exposures. It won-* * 
perhaps be best to have fashioned a flap as in extirpation of tl' * 
Gasserian ganglion. 

Imniediatelj' after the operation five epileptiform attack* 
were observed on the left side. They consisted of twitchings oi 
the face and the abdominal muscles. Facial paresis was noted 
for a considerable period after each seizure. No further attacks 
occurred. There was no flow of liquor. The wound healed with- 
out disturbances, A paresis of the left upper extremity, occur- 
ring immediately after the operation, lasted only a short time. It 
had completely disappeared after twelve days. The patient left 
the hospital in the beginning of March, 1909, in excellent meuti 
and physical condition. There were no paralyses. 
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The blade of the knife remained until the day of its removal 
fully fifteen years within the substance of the brain, without pro- 
ducing any local manifestations. The position of the large, sharp 
foreign body near the central region provoked occasionally epi- 
leptiform seizures. After the blade was removed, they recurred 
a few times and then disappeared. A peculiar fact observed in 
this case was the marked participation of the abdominal muscula- 
ture "of the opposite side. Dr. v. Had, of Xiirnberg, and 1 ob- 
served this only once in a case of very vascular gliosarcoma of the 
left upper parietal lohe. In this case strong clonic twitchings of 
the right abdominal muscles were observed in the beginning of 
the disease. 

Treatment of Intracranial Hemorrhages 
Intracranial hemorrhage not infrequently requires surgical 
assistance. Manifestations of cerebral compression will occur 
when the extravasation has attained a sufficient size. Since the 
development of symptoms of compression require a certain 
period, the time from the injury to the onset of these manifesta- 
tions is spoken of as the free interval. This, of course, depends 
upon the natvire of the vascular injury and tt may range from 
parts of an hour to many days or even over one week. In the 
interval there are either no cerebral symptoms present, or the 
manifestations of cerebral concussion or, which is more frequently 




Treatment of Intracranial Hemorrhages 949 

the case, those of compression may be noted. This emphasizes 
what has been said in the preceding pages: i.e., that the symp- 
toms of divers cerebral injuries frequently merge into one an- 
other and give rise to a very comphcated clinical picture. 

Symptoms of pressure resulting from extravasations of blood 
do not differ from those occasioned by neoplasmata except that 
in the latter they are of insidious, and in the former of rapid, 
onset. In both, however, headaches, vomiting, disturbances of 
consciousness and changes in the pulse and respiration are noted. 
In hemorrhages choked disc is not very frequent. 

With reference to the consciousness of the patient, progres- 
sive cerebral compression at first occasions an irritation of the 
cerebral cortex, hence states of excitement and delirium. Later 
on these symptoms recede and give place to apathy, somnolence 
and finally to total unconsciousness. The pulse is characteris- 
tically full and of high tension, slow and regular in the beginning. 
With reference to its frequency, individual fluctuations and the 
influence of temperature, if present, must be taken into consider- 
ation. In cases of increasing cerebral compression which leads 
to manifestations of paralytic nature, the pulse becomes small, 
fluttering and irregular. Until the paralj-tic stage is completely 
developed, the peculiarities of the pulse may difi'er so that it is 
now slow and again rapid. Corresponding to the action of 
the heart, the respirations are also slow, deep, and stertorous in 
the beginning, and later they increase in rapidity, become ir- 
regular and finally assume the Cheyne-Stokcs type. In con- 
sidering the frequency of the respiration individual conditions 
and other factors influencing its rhythm must also be taken 
into consideration. 

Symptoms of irritation (headaches, slow pulse) predominate 
first. Later on signs of paralysis appear, until finally the latter 
alone are in the foreground of the clinical picture. Death closes 
the scene with the patient unconscious, and witli a pulse such as 
described. 

The local manifestations resulting from compression of cer- 
tain portions of the brain are in the beginning also those of 
irritation. Extradural liematomata may give rise to Jacksonian 
spasms when situated in the central region. This has already 
been referred to in the chapter on "Traumalic Epilepxii" Mani- 
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festations of paralysis are sooner or later added to those of irri- 
tation. The symptoms of paralysis or irritation will depend upon 
the particular anatomic area involved, and to describe them in de- 
tail would mean a repetition of what has already been said. It 
may be briefly mentioned, however, that these consist of clonic 
and tonic muscular contractions which mav also assume a Jack- 
sonian character, paralyses occurrii^g in the form of monoplegias 
and hemiplegias, exaggerated and abolished reflexes, aphasic 
disturbances of all sorts and hemianopic manifestations. 

Dangerous hemorrhages may occur within or without the 
dura ( intradural or extradural ) . The former hy far more fre- 
quently originate from the arachnoid veins than from the cere- 
bral arteries. Intradural hemorrhages are characterized by slow 
development, a longer free interval, also by the fact that they 
are not circumscribed, that they cause considerable irritation of 
the cerebral cortex and finally by the predominance of general 
symptoms of cerebral compression. Extradural hemorrhages oc- 
casionally result from torn vessels of the diploe, but they are 
mainly caused by an injury to the anterior or posterior branch 
of the middle meningeal artery or from some other large vessel 
which under increased pressure permits the rapid exit of a con- 
siderable quantity of blood. This explains the quicker onset of 
the manifestations. Since the uninjured dura is quite resistant, 
a circumscribed hematoma will result, between it and the inner 
surface of the skull ; pressure is exercised on a certain part of the 
brain and distinct focal manifestations — if in the Rolandic region 
of motor nature — will result. The dura is in greater intimacy 
with the base of the skull than with the convexitv, and will there- 
fore tear with greater ease when there is an injury to the former, 
hence extravasations of blood are here (at the base of the brain), 
as a rule, intradural. 

Besides injuries, considerable extradural hemorrhages are 
frequently observed in cases of pachymeningitis hemorrhagica, 
especially in alcoholics. These develop quite rapidly, the pa- 
tients comj)lain of severe headaches and apoplectic manifesta- 
tions occur. Extradural hemorrhage may occur simultaneously 
with intradural bleeding. I have seen such cases a number of 
times. After removing the hematoma in such cases, the dura 
appears much darker than usual, it is bluish-red in color, trans- 
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parent and, as a result of increased liqtior, frequently fluctua- 
ting. Incision evacuates usually a thin sangiiineons fluid inter- 
mingled witli clots. After the removal of such extra- and 
intra-dural extravasations, the manifestations of cerebral com- 
pression and local symptoms quickly disappear, provided, 
howe%'er, that severe contusions of the brain do not complicate . 
the condition. 

The treatment of intra- as well as extra-dnral extravasations 
consists of trephining. In this we are mainly guided by the 
symptoms present. Nothing is to be added here with reference 
to technic, but a few remarks on the treatment of tlie vessels 
require emphasis. 

Simidtaneoiis witli the publication of my niethod of extir- 
pation of the Gasscrian ganglion (compare Plate XLI), I have 
recommended and successfully used the same procedure in a 
number of instances requiring ligation of the trunk of the middle 
meningeal artery. Since we are not in a position to judge with 
certainty whether it is the anterior or the posterior branch 
or, perhaps, the trunk of tlie artery that is injured, I liave 
pointed out above I)y an example {Fig. 93, Vol. II, p. .^O-t) that 
Kronlein's construction is not always dependable. In the case of 
that man the branches of the artery were, after the division, he- 
low 1^ cm. and above, 3 cm. distant from each other. For the 
ligation of tlie middle meningeal arteiy it is not essential to open 
the cavity of the skull. After temporary resection of the zygo- 
matic arch, the arteria maxillaris interna is reached with ease and 
the middle meningeal may then be readily found and ligated. 
However, exposure of tiie middle fossa of the skull sliows at the 
same time the extradural hematoma which in itself was the indi- 
cation for tlie operation and which must under all circumstances 
be removed. Other surgeons, of whom Steiner, of }Vo}fier's 
clinic, was first, have followed my method of operatnig. 

dishing uses Iiis temporal siditnuscular method (see Vol. 
I. p. 191) to drain the sul)din-al space in basal fractures accom- 
panied by hemorrliuge. He asserts that he knows of no better 
way to reacii an extradural meningeal bleeding or, as may be 
added, to drain an abscess of the temporal lobe than by the 
submuscular method. 
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All forms of paralysis of the spinal cord in which partial 
-or complete interruption of conduction is caused by trauma 
or by compression of the cord, are subjected to surgical treat- 
ment. Pressure paralysis may residt from any cause which 
restricts the space within the vertebral canal, be this consequent 
to a neoplasm of the cord or its membranes or secondary to 
various diseases of the vertebrie. While operations on the 
spinal cord for injuries have been performed for many years 
past, the credit of deliberate exposure of the cord for tumor 
belongs to Victor Horsh'i/. Tliis observer has, together with 
Gowera, opened a hitherto unexplored field by successfully re- 
moving, in 1887, a tumor of the dura mater spinalis. Ernst 
v. Leyden^ was first to refer these cases to the surgeon. He 
was fully aware of the difficulties and dangers of the operation, 
but in the face of the total hopelessness of the condition, he 
ventured the attempt in a certain case. 

The number of successful cases has of late increased from 
year to year. These successes are in a measure due to the 
refinement of surgical technic and to the progress made in the 
treatment of wounds. P'qually as much credit is due to the 
extraordinary attainments in the fiehl of diagnosis in the last 
decade or so, during which not only tlie diagnosis of the exist- 
ence of a tumor was made possible, but we were in many cases 
successful to exactly locate the site of the neoplasm by means 
of the so-called segmental or level-diagnosis. With such knowl- 
edge at hand, the shortest way to the surgical attack is pointed 
out, for the less vertebral arches are removed, the less damage 
is done by the operation. 

' Die Klinik der Riickenmarkskrankheiten. Berlin, 1874, Band 1, p. 467. 



opening of the Vertebral Canal by Laminec- 
tomy 

Preparation of tlie Patient and Tune of Repair 

Position of Patient 

In order not to interfere with the action of the heart from 
compression, I have in the majority of my cases placed the 
patient in the right lateral and in the half-abdominal position. 
Despite all precautions, however, the unavoidable pressure on 
the thorax will influence the cardiac action and the respirations 
to a certain extent. In order to avoid this as much as possible, 
the patient will have to be carefully retained in position by 
assistants holding the pelvis and shoulders, and he is made to 
assume the pure lateral position from time to time. This pre- 
caution is of special importance when the patient is in the 
left lateral position in operating for suspected neoplasm com- 
pressing the right side. Long continued compression is danger- 
ous. I have seen a man, thirty-five years of age, perish under 
all manifestations of insufficient respiratory function soon after 
an operation for a meningitis serosa, during which an extraor- 
dinarily slight quantity of blood was lost and the operation 
itself was comparatively trivial (see Observation XIV, 2). It 
is to be remarked, however, that the patient in this instance 
was a sufferer a few years ago from pulmonary catarrh and 
hemoptysis. If a voluminous pillow be placed under the pelvis 
of the patient while his shoulders rest on the operating table, 
the thorax will almost entirely be liberated from undesirable 
pressure. 

Access to the field of operation is rendered considerably less 
difficult when the spinal column is brought into a position of 
kyphosis. This is enhanced in the cervical and thoracic portion 
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of the spine by proper position; i.e., head and chest leaning 
forward. In the lumbar region this is eflfected by having the 
lower extremities semiflexed at the hips and knees and the pelvis 
brought to the edge of the table. During the operation the 
patient should be wrapped in warm, woollen blankets, resting 
on a therniophor pillow. This obviates collapse which may 
result from the exposure of such extensive areas. The tempera- 
ture of the operating-room should be between 24" and 28" C. 
What has been said of 

Anaesthesia, Asepsis and Dressing 
when speaking of surgery of the brain (consult Vol. I) is also 
applicable to operations on the spinal cord, with the exception 
that in the latter we may use ether as an ansesthetic instead of 
chloroform. In a number of cases I have also used local ansesthe- 
sia by infiltrating the parts with ^% solution of novocain and 
1% solution of adrenalin (15 drops or more to each 100 cm^.- 
of solution), prepared in the manner recommended by H. 
Braun. The solution is injected into the tissues a few fingers 
above and below the spinous processes to be exposed. In order 
to render the skin insensitive to the deep punctures, it is recom- 
mended that after making a few wheals in various places of 
the skin, the cannula is at first introduced to the arch of the 
vertebra laterally to the spinous process, and while the syringe 
is being elevated and depressed, 5 cm^. of fluid is injected each 
time above, below and to the side. The needle is then somewhat 
withdrawn, and the other side of the spinous process is in- 
jected in a similar manner. Before the needle is removed, the' 
skin must be rendered entirely insensitive by injecting the sub- 
cutaneous fat. The other eiiii of the field of operation is treated' 
in the same manner. If it appears before the operation that a 
number of vertebral arches will have to be removed, the injec- 
tion should proceed from the middle of the field of operation and' 
the fluid injected on all sides. 

The incision of the skin and muscles as well as the detach- 
ment of the periosteum from the spinous processes and arches 
is entirely painless. The hemorrhage is also practically nil. 
Drilling of the arch is painless, but the detachment of the 
dura from the inner surface of the arch and its division, with. 



Mk in; (wtieiit as often as tlcx^^ 
^ %.a* :« Jura. If the latter \y^ 

v.4«Aiaucs v>f bone with the rongeur 
A H*iK«^ Extradural probing, how- 
Awik. . is^ accompanied by pain which 
V N^u^tit^ the dura and at every contact 
kjikv ^»£ the cord, especially the posterior 
t*v ^aaiUKctonie is a useful instrument in 
vv«- jufc*sthesia, because it divides the arch 
■ xx.. i»vivh tmuma. Local anaesthesia, however, 
;. '^i^ci^Hits who can exercise a certain degree of 
t *K *id,N>rtty of patients will be alarmed and may 
.vi A xCAtt' of terror and harmful psychic excitation 
» ^h*.^ s^HUul produced at the division of the arches, 
.Kx. •^ '^> IH^r^^eive no pam whatever. 

i^uA'eV KH*al anaesthesia insures almost complete 
>.vf' isAiiK it is hardly necessary to resort to Biefs spinal 
^^ cXxivt- J '^^^'^ "^* ventured to make use of it personally 
**' • {K^ pix^>vtuv i>f compression of the cord. 

vKk' luort* word with reference to asepsis and dressing. We 
v\\\*^sionally forced to operate in the presence of decubitus. 
I ^*^sos of compression of the cord its complete cure is rare 
tho uuMority of cases and we cannot afford to postpone the 
oiH^ration until the wounds are cleaned. It is fortunate, how- 
oNor* that with the exception of compression of the cauda equina, 
tluv^o ulcers are mainly situated much lower than the region of 
tho iH>r(l to be exposed. Immediately before the operation the 
ulcerated parts are covered with long, tile-shaped strips of 
acllicsive plaster. Even under unfavorable conditions the 
iut*tlu)d of Grossich (painting the skin with tincture of iodine) 
offers perfect security. In operations on the skidl and spinal 
cord I have employed this method of disinfection, exclusively, 
iu all of my cases for the last two years. Since the application 
of this method requires a perfectly dry skin, the field of oper- 
ation should.be prepared at least twenty-four hours before the 
patient comes to the operating table, by a cleansing bath, 
shaving and, perhaps, a preparatory disinfection which, how- 
ever, is not absolutely necessary. This simple procedure has 
proved very efficient even in the following unfavorable instance. 
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A man, sixty-two years of age, afflicted with a neoplasm in 
the region of the cauda equina, was suflFering for a number of 
months from an ichorous decubitus larger than the palm of a 
hand, which extended into the depth of the sacrum. Treatment 
with baths, applications and salves for a number of weeks 
resulted in the casting off of the necrotic tissues, and a tolerably 
granulating surface resulted. The opening of the vertebral 
canal and the diiral sac in the region of the 3d and 4th 
lumbar vertebrs could no longer be postponed on account of 
the severity of the original trouble, and the operation had to 
be performed about two fingers above the undermined and 
jjrofusely suppurating decubitus ulcer. In order to attain dry- 
ness of the skin, baths had to be dispensed with a number of 
days before the operation. Painting of the skin, the ulcerated 
surface and the suppurating pockets with tincture of iodine 
resulted in perfect disinfection, so that immediate suture of 
the dura and the wound of the muscles and skin healed per 
primani with an ideal scar. No drain whate%'er was used. 

After the operation is completed, the dressing is also applied 
against the decubitus, and it is carefully closed up by means 
■of strips of zinc oxide adhesive plaster. I was in this manner 
successful to keep the wounds in an aseptic condition if the 
dressings were not continually saturated with urine (see Prog- 
nosis of Laminectomy) , The dressings of the wound after the 
■operation consists of sterile gauze and absorbent cotton. These 
are retained in position by square strips of adhesive plaster 
between which spaces are left for cutaneous evaporation and 
to keep the dressings dry. The latter are in most cases per- 
mitted to remain until the healing of the wound is complete 
(ten to fourteen days). Tlie sutures are removed at that time. 
If, as exceptionally happens, there is a flow of liquor, the dress- 
ings must be changed daily. In such cases they are best kept 
in place by a sterile towel pinned in the front. 

The time for repair in aseptic cases united by primary 
suture is comparatively brief. After fourteen days no more 
dressing is needed (in the absence of a flow of liquor) . Patients 
■operated on in the upper sections of the vertebral colunin may 
at that time leave the bed. In more extensive operations, when 
four or more vertebral arches were removed from the lower part 
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fice the arches, for I am of the opiniuii that it is an entirely un- 
necessary hindrance at the operation to endeavor to retain them. 
The supporting power of the vertehra! cohinin does not suffer 
by the removal of even as many as seven arehes. I was able 
to observe this in two eases operated upon with satisfactory 
results (compare Observation XV, 4). At least the damage 
done is not of sufficient magnitude to render the dangei-ous 
operation still more hazardous. The observations referred to 
were operations on the thoracic vertebra. I have also removed 
a number of times four arelies in the cervical region {compare 
Observation XIII, 2) without disturbing the mobility and the 
power of carriage to any appreciable degree. 

Only twr) arches shoukl be taken away at first (except in 
the lumbar region), and, if Tieed be, the number increased later. 
Greater exposure is required in instances where the tumor had 
spread laterally into the ligamentum denticulatum or toward 
the front of the cord (rarely the case) in which event it is 
lifted out with extreme care after splitting the dura. 

The landmarks leading to the recognition of the desired 
vertebral arches are the spinous processes. However, only in 
the cervical and lumbar regions have these spinous processes 
nearly a horizontal direction, and therefore lead directly to the 
arches. In the dorsal region, on the other hand, the spinous 
processes run obliquely in roof-tile fashion and the longer ones 
may deviate to the side. The tendency to obliquity is most 
marked in the middle portion of the thoracic region so that, for 
instance, the spinous process of the 7th occupies tlie same hori- 
zontal position as the upper portion of the body of the 9th 
vertehra. In order to remove the desired vertebral arch we 
must be guided by the spinous process, following it up from a 
silver stain marking it on tlie surface to the depths. Tlie 9th 
arch, for instance, is entirely covered by the Htli pj'ocessus spi- 
nosus, and in order to expose the d\ira in tlie region of the 
former, it will also he necessary to remove the latter. As a rule, 
I do not remove tlic processes. They are resected only when 
their obliquity and length interfere with the necessary steps of 
the o])eration, and even then only superficial portions are taken 
away. When retained they act admirably as levers for further 
manipulations. 
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As in ope itions on the skull, I have ceased using the chisel 
in my work o. the vertebral colunm. Since, however, this simple 
instrument is )ccasionally used with good effect in emergencies, 
I shall mentlor the technic previously practised in my clinic. The 
arch of the re ipective vertebra is first carefully divided at one 
and then on tbe other side with a chisel not too distant from 
the spinous pi acess. While the latter is seized with a Langen- 
.nirlu' ni.llpfl iinon, the soft tissues still at- 
intercrural and interspinal 
median portion of the arch 
1 a few snips of the scissors, 
i to view in the depth of the 
nd. The lateral remnants 
ire removed with rongeur 
; division of the adjacent 
ilitated by introducing a 
ilevator through the verte- 
an upward direction, and 
imder its protection the arches are cut 
through. The sharp borders are rounded 
off with the rongeur forceps. 

Instead of the chisel, the division of 
the arches is accomplished by means of 
my laininectome (see Fig. 158) which is 
built on the principle of the Dahlgren 
forceps (Vol. I, Fig. 7, p. 17). On 
either side of the exposed spinous pro- 
cesses an opening is drilled with the 
Doyen instrument carrying a medium 
sized burr (see Vol. I, p. 14). I now 
carefully introduce the cutting hook of 
the lanunectome into the opening and insinuate it underneath 
the arch, and while the embracing fork of the other arm of the 
forceps steadies the hook by pressure upon the long upper lever, 
the arch is cut through. A preliminan.- detachment of the dura 
mater, as practised on the skull, is here unnecessary because a 
;layor of epidural fat of greater or less tliickness separates it from 
the inner surfaces of the arches. For the sake of greater security, 
this IS accomplished with the smallest Braai- sound (see Vol. I, 
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p. 15, Fi^. 5) or a half-pointed curved elevator. The same 
manoeuvre is carried out on the other side. It is also practical 
to divide, besides the osseous arch, tlie ligamentum flavuni at- 
tached ahove and helow. If the adjoining interspinons ligaments 
are divided with the knife, tiie spinous process seized with Lan- 




Fig. 159 



Fig. 160 



genbeck's forceps and the arch pulled to the front, its removal 
is accomplished with ease. Great care should be exercised that 
no pressure is exerted upon the cord during the various manipu- 
lations. 

In the cases where the removal of a certain number of arches 
is contemplated beforehand, as for instance in the resection of 
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cutting hook, and that is that it has to penetrate into the vertebral 
canal in cases where the space of the spinal canal may be ex- 
tremely restricted by the presence of a tuQior and that it may 
thereby exercise undesirable pressure on the cord. \\'Txile in 
my experience no untoward sjniptoms followed its use even in 
large tumors, I will, nevertheless, permit the objection to stand. 

I verj' rarely make use of Horsley's large cutting forceps 
( Fig. 161 depicts one-fifth of its natural size) . With this instru- 
ment, the arches are divided from without inward and without 
encroaching upon th^- vertebral canal. I recall a case where the 
5th to the 8th arches of the dorsal vertebne had to be removed, 
in wliich Horgleji's instnmient disappointed me, and my cutting 
hook was successful in dividing the parts which were extremely 
hard. In other cases again. I was able to divide with these for- 
ceps arches of hunbar vertebne in a slow, gradual manner. 

As in all other technical procedures, practice in the use of 
a particular instrument is of paramount importance. Person- 
ally I prefer my laminectome. This instrument has especially 
demonstrated its utility in a case of high degree of malformation 
of the ribs in which the neck and the tubercles were mainly af- 
fected, and in which the distorted transverse process restricted 
the space to an extraordinarj- degree. Another advantage in 
the use of the cutting hook is the fact that there is no hemorrhage 
from the cut surface of the hone. This is due to the fact that 
there is no actual cutting but a division by pressure. This was 
nicely demonstrated in the case of a girl seventeen years of 
age in whom the division of the soft parts and the cutting of the 
bone with the rongeur forceps was followed by hemorrhage of 
such a degree that the operation had to be performed in two 
stages. On the other hand the portions of bone severed with the 
laminectome hardly bled. In this case Passaic's chisel (see Vol. 
I, Fig. 11, p. 23) was used to great advantage. A few smart 
blows on the lamella of bone will cause even marked arterial 
hemorrhage to cease. 

The spinous processes and posterior arches may finally be 
taken away piecemeal with rongeur forceps of various sizes and 
shapes (see Figs. 162 and l<i.3), a procedure against which noth- 
ing can he said except that it is tedious. 

One principle should always he adhered to. regardless of the 
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method used, i.e., the vertebral canal should be widely exposed ih 
every instance (to the articular and transverse processes); the 
object being to permit the necessary accessibility. If remnants 
of the arches remain, they should be bitten off with the rongeur. 

At times conditions may be quite difficult, especially when the 
patient has undergone one or more unsuccessful operations, as 
I have seen it happen thus far four times. While under normal 
conditions we ii'""" *'"i'">' —>•■ 'Mwn on the spinous processes and 
then separate tl • the right and left from the lat- 

eral sections of rfaces of the vertebral arches, in 

the cases just t care nmst be exercised lest the 

dural canal be le old scars are in such instances 

carefully diss( i line, layer aftei' layer, until the 

dura which is . nth the superimposed structures 

is reached. Ol , 2 and 4, and XIV, 1, illustrate 

such cases. It LStances to isolate an arch not as 

yet touched by tion above or below the old scar, 

and the dura ii bared with drill and burr. After 

ascertaining the deptli at 'vliidi the remainder of the opera- 
tion will have to be performed, the procedure is continued in the 
usual manner by means of a probe and a couple of dissecting 
forceps. The history of the three cases referred to will he given 
later on. 

Relation to the Dura 

After the vertebral canal is widely opened and the epidural 
fat incised in the median line and together with the venous plexus 
bluntly pushed aside, we are face to face with the dura mater 
spinalis. If the case requiring operation is one of extradural 
neoplasm, the tumor is now recognizable and after rendering the 
vertebral canal sufficiently accessible, it may be removed. I have 
enucleated an enchondroma that sprung from the 6th cervical 
vertebra by means of a sculptor's chisel (compare Observation 
XVIII, 1, Plate LXII). However, if we are dealing with an 
intradural neoplasm, as is usually the case, the dura and its 
vicinity will almost invariably be found very tense on account of 
the accumulation of liquor. 

The collection of fluid in these instances is mainly found above 
the tumor. Yet, I have seen it a number of times below it. I 
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recall the case of a man, forty-six years of age, in whom the 
tumor extended from the arch of the 7th cervical vertebra to the 
arch of the "id dorsal, and in whom the dura at a point corre- 
sponding to the arch of the 3d dorsal vertebra was so tensely filled 
with fluid that it looked like a thin-walled hydrocele, permitting 
light to penetrate it, while above the tiinior no liquor was found. 

Xow with reference to pulsation of the dura we find that in 
normal conditions, as seen, for instance, in resection of the pos- 
terior roots, they are very slight to the naked eye. At times 
we find the pulsations correspond to the action of the heart, and 
at others they are synchronous with the respirations. In cases 
of intradural neoplasmata with accumulation of fluid, not the 
slightest pulsations are observable. If the liquor be evacuated 
by a small incision, distinct pidsations will be seen which are 
mainly synchronous with the heart-beat and more rarely with the 
respiration. In the case just mentioned pulsations that are iso- 
chronous with the respiration were noticed after the stagnating 
liquor was drained off and the 2d and 3d arches of the dorsal 
vertebra? resected. The exposure of the tumor in this instance 
necessitated the removal of the arches of the 1st thoracic and 
the 7th cervical vertebra. After this was done the tumor was 
felt to pulsate together with the spinal cord through the dura 
isochronously with the respiration and with the pulse. In cases 
where no accumulation of liquor has taken place, we occasionally 
see pulsations, before the dura had been opened, at the side of 
the tumor, mainly below. 

At times again, we find the place where the dura has been 
opened to be of normal appearance, tension, and pulsation. In 
such cases we must decide whether the removal of the vertebral 
arches should proceed in an upward or downward direction. To- 
decide this we make use of 

Extradural Probing 

An olive-pointed probe of medium size gives the best results. 
It may be introduced for considerable distances in both directions 
on the posterior surface of the dura between it and the bone, with- 
out damaging the parts. The conditions restricting the lumen 
may in this manner frequently be discovered. If such probing be 
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tween the dura and wall of the vertebral canal, while in the latt 
situation the greatest possible care shonld be exercised on accoii 
of the spinal roots. Extradural probing does not always lead 
the jioint sought. The probe may glide over the place occiipi 
by an intradural neoplasm without meeting with the slightt 
resistance. I recall of having removed a neoplasm, 35 mm. 
length, which was intimately blended with the inner surface 
the dura. It was firm and of the thickness of the little finger a 
situated in tht irches of the 8th and 9th dor; 

vertebrfP. In sound intradurally to the level 

the 7th arch acle. Negative results at exti 

dural probing «>t conclusive evidence of the g 

sence of path 

It is best prmciple to open the dura und 

all circuinstai pears normal. It will be remei 

bered that the >wed in operations upon the l)ra 

The only rule are the cases in which t 

tumor springs odies of the vertebrie or from ih 

arches and fully 'ani v,.^ a nptomatology of a given instaui 

But even in such cases it appears to be the safest to op 
the dura. I remember the report of Nonne at the Second Cc 
gress of German Neurologists at Heidelberg, on the 4th 
October, 1908, in which he related a case of extirpation of 
extradural neoplasm by Sick who discovered the presence of 
intradural tumor upon opening the dura. I have removed a t 
extradural neoplasm from the thoracic portion of the vertebi 
column in a woman, forty-five years of age, the microscopic exa: 
ination of which proved it to be an inflammatory process of t 
external layers of the dura and of the epidural fat. Besides tl" 
opening of the dura at the level of the 7th, 8th and 9th arches 
the \'ertebra? showed a marked meningitis serosa. Had the dt 
not been touclied, this apparently secondary process would ha 
continued, and the severe manifestations of compression of 1 
spinal cord perpetuated. 

I have thus far reoperated on four patients in whom opei 
tions had been performed by prominent surgeons without succ 
(in one case twice) because they halted at the dura. In two 
these cases I have extirpated extradural neoplasmata (see Obs 
vatiou XIII, 2 and 4), and in two others (for instance, Obser' 
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tion XIV, 1) severe changes of serous meningitis and chronic 
arachnitiij were found. In one case I collected 120 gnis. of fluid, 
besides a considerable quantity which was lost. After all of the 
, fluid is drained off. the dura mater is enlarged lengthwise, corre- 
sponding to the entire extent of the wound and. if a neoplasm be 
present, it «'ill at once come to view, especially when situated 
posteriorly. Knlargenient of the wound and the removal of one 
or more arches is frequently necessary. The wound in the dura 
is best retracted by hooking vulsella forceps to the cut borders 
and pulling them apart. 

Relation to the Spinal Cord 

If the tumor is located laterally to the ligamentum den- 
ticulatum, a long, narrow line of grayish-red color frequently 
marks its presence. The carefid introduction of a blunt hook 
lifts the cord somewhat to tlie surface, and the neoplasm wedged 
between it and the dura is brought to view. 

The arachnoid frequently continues from the cord over the 
neoplasm which it surrounds in the form of a capsule. If it be 
grazed with the scissors, the tumor together with its capsule may 
then be bluntly removed from tlie cord without difficulty. If the 
tumor is found to have originated from the inner surface of the 
dura, it should be removed to the entire extent of its attachment. 

The neoplasm usually rests in a cavity or trough of the spinal 
cord the size of which corresponds to that of the tumor. If a 
trough be present, the cord is usually flattened and, after the 
removal of the new growth, it resumes its roimded form again. 
The portions of the cord immediately above and below tlie im- 
pression made by the tumor remain for a time thinner. It is 
astonishing how quickly deep hollows representing the bed of the 
tumor will in some cases become filled out before our eyes, even 
during the operation. In a case (Observation XIII, 4, Plate 
LI) in which a post-mortem examination was made two days 
after the operation, not a trace was found of a very deep trough 
in the cervical cord. At other times again, for instance in Ob- 
servation XIII. I. Plate XI^VIII. Fig. a, in which there was 
spherical excavation in the dorsal section of the cord, not the 
slightest tendency to rectification of the depth of the cavity was 
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Intradural Probing 

If after opening the dura mater the suspected neoplasm is- 
not found, intradural probing in an upward and downward direc- 
tion should be resorted to. This may he done with olive-pointed 
prohes which are guided with the greatest possible care to either 
side and to the front of the cord. 

Special attention should be paid to the spinal nerve roots. 
Proceeding thu lly successful in discovering the 

obstacle. It sht. nind that in probing laterally to 

the cord, the p] ; caught in the liganientuni den- 

ticuiaturn. If ilore the anterior surface of the 

cord, a blunt, n um will greatly aid us by pulling 

it gently forv stances in which flie intradural 

neoplasm devi or surface of the cord, it will be 

necessary, in oj ly extirpate the tumor, to make 

use of two blur uis Iiooks, one of which is applied 

above and the eoplasm which is now lifted up- 

ward and displttum a iiu..v m the side. That extreme care is 
to be exercised during this manoeuvre, needs hardly to be em- 
phasized. If the posterior surface of the bodies of the vertebne 
are to be exposed, as is the case in caries, fractures with exuberant 
callus formation, projectUes, and similar conditions, the cord, to- 
gether with the dura enclosing it, is lifted up and displaced 
laterally. This is best accomplished with a half-pointed elevator 
of almost circular form, curved flatly, with which the dura 
is separated from the bodies of the vertebrfe. The spinal nerve 
roots should be protected from injury as much as possible 
during this procedure. In this, however, we will not always 
succeed, especially with the posterior roots. Division of a root in 
the thoracic cord is not a very serious accident. In the cervical 
and lumbar region, however, considerable disturbances will fol- 
low, especially when a number of adjoining pairs of roots or 
motor-nerve roots are interfered with. 

In one instance (Obser\'ation XIII, .'>) I was unable to de- 
tach the dura bluntly and could not therefore reach the extra- 
dural tumor of the body of the 3d lumbar vertebra which 
projected into the vertebral canal. The cauda equina was there- 
fore lifted up with a narrow hook, the anterior dura incised in a 
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longitudinal direction and the enchondromatous neoplasm sue- - 

■ cessfuUy shelled out. 

Care of the Wound 
After the hemorrhage has eeased at the conclusion of the 

-operation, it is best to close the wound with sutures. If the dura 
mater was not suhjected to much injury, the longitudinal in- 
cision made into it, is united with a few interrupted sutures with 
ver\' fine boiled linen thread. This, however, is impossible when 

.a strip of dura or even more has been excised on account of its 
adhesion to the tumor. In such cases the area of the spinal cord 
corresponding to the adherent region is left uncovered, while the 
rest of the dura is sutured, wherever possible. The deep nuiscle 
wound is united in every instance by tliree or more catgut sutures 
which are introduced to the very bottom (to the posterior surface 

■ of the arches) . Over this the skin is sewn without drainage. In 
aseptic wounds complete closure should be aimed at as much 
as possible. 

If the hemorrhage, on the other hand, was not completely 
arrested, it is best to introduce a short drain into one of the 
angles of the wound. In order to avoid the unpleasant and occa- 
.sionally serious flow of liquor cerebrospinalis, this drain, it miist 
be remembered, should not project to the wound of the dura. 
Complete closure of the wound prevents this, very effectually, 
although not with absolute certainty. 

I recall the case of a patient, twenty-three years of age (see 
Observation XIII, 2), in whom the dura of the cervical cord 
had to be excised from the arch of the 5th vertebra upward to 
the lower border of the atlas. The neoplasm was so extensive 
.and growing externaliy that the entire posterior width of the 
dura had to be removed. Seven days after the operation a 
fluctuating accumulation of liquor was discovered under the 
wound of the soft tissues, which healed per primam. On the 
eighth day the sutures were removed. On the ninth day after the 
operation a suture tract of the wound opened from which clear 
liquor was discharging from that day on, for a period of three 
weeks. The quantity of fluid draining oflF was variable. For 
instance, on the fifteenth and sixteenth days after the operation 
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while changing dressings, a steady stream of clear fluid was seen 
dropping from the tract alluded to. Occasionally, not only 
the voluminous dressings but the bed also was thoroughly 
saturated from the flow of liquor cerebro-spinalis. With rare 
exceptions the dressings had to be changed daily, a procedure 
which was very annoying to the nmch aflFected patient. The 
skin surrounding the wound was carefully sponged off each 
time with sterile gauze dipped in ether. It was finally pos- 
sible with great difficulty to cure the patient by rigid asepsis. 
After the sixteenth day the flow of liquor diminished and on the 
twenty-first day it had completely ceased. The small fistula was 
at no time cauterized with silver nitrate. I do not permit cauteri- 
zations in my work, because it creates an undesirable superficial 
necrosis. Such wounds must remain perfectly clean. They close 
by the contraction of the scar. For disturbances following stag- 
nation of liquor and excessive discharge of this fluid, compare 
corresponding chapter. 

To avoid the excessive flow of liquor cerebro-spinalis during 
the operation, Sick recommended the encircling of the dura with 
a ligature. If we could ascertain the extent of the tumor and 
its position before opening the dura, a ligature applied with a 
moderate degree of constriction would, perhaps, be beneficial. 
However, not infrequently, a number of vertebral arches must 
be removed during the operation which, of course, necessitates the 
loosening of the ligature again, and since the thread must be re- 
moved at the conchision of the operation, it does not protect the 
flow of liquor during the period of healing. Thus far I have not 
made use of Sick's method. The dura should at first be opened a 
very little, as this prevents too rapid evacuation of the liquor. The 
opening is enlarged after the fluid present has drained off. The 
flow of liquor during the operation is, as a rule, slight. Should 
the flow be excessive, as exceptionally happens, slight compres- 
sion of the sac of the dura above and below the field of opera- 
tion with gauze dressings will suffice to arrest it. 

Wherever possible operations upon the spinal cord should be 
performed in one sitting. In a series of forty-five laminectomies 
for neoplasmata or manifestations simulating tumor I was com- 
pelled to interrupt the operation twice. In one of these cases 
eleven days, and in the other three and a half weeks elapsed before 
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me operation was concluded. In the first case the arches of 
seven dorsal vertebra were removed, and the patient was in too 
weak a condition to stand the severe operation in one sitting. The 
case was one of tnbercnlosis in which after the 7th to the 9th 
arches of the dorsal vertebrie were removed (compare Observa- 
tion XV, 4, Plate LIX), the whole woimd was tamponed with 
iodoform ganze and the skin sntm-ed over it. The operation was 
resumed after an intermission of eleven days and the arches of 
the 4th to the 0th and the 10th dorsal vertebra removed. In the 
second case the division of the operation into two stages was 
necessary on account of severe bleeding. The ease was that of a 
girl seventeen years of age who developed, in the course of two 
years, manifestations of a complete transverse paralysis. Of the 
objective symptoms a loud vascular murmur, audible over a great 
portion of the back, was in the foreground of the clinical picture. 
Since its greatest point of intensity corresponded to the region 
of the spinal coUinm in which compression was suspected, the 
possibility of a vascular tumor was thought of. 

At an early stage of the operation when the muscles were 
being taken away from the lateral surfaces of the spinous proces- 
ses and the vertebral arches, an extraordinarily profuse hem- 
orrhage set in. It could not be arrested even after prolonged 
compression. Every vessel had to be caught separately and 
ligated. This was the only instance in my numerous operations 
in which I had to cope with such a complication. The greatest 
loss of blood was from an osteo-periosteal vessel in the arch of 
a vertebra close to its attachment to tlie vertebral body. While 
drilling the arch of tlie 7th dorsal vertebra, similar profuse hemor- 
rhage set in. Since the operation had at that time lasted over 
two hours and the patient was in a collapsed condition on account 
of the great loss of blood, tlie divided nuiscles were united with 
four buried sutures and the wound of the skin closed over it. It 
required twenty five days of rest after this operation, before the 
patient recuperated sufficiently so that it could be completed. 
The wound had healed and it was cut open again, the cicatrized 
muscles were detaclied from the spinous processes and arches, 
during which the bleeding was considerably less than the first 
time. Strong hemorrhage resulted during the detachment of the 
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pression with tampons dipped in a solution of adrenalin. A 
few profusely squirting arteries of the bone were controlled by 
hammering them with Pmsow's chisel. The bleeding then ceased. 
The 5th, 6th, and 7th arches of the thoracic vertebrae were re- 
moved in the usual manner, and the dura lay freely exposed. The 
loss of blood was so great that it was impossible to continue the 
operation. The extremely accelerated pulse was only barely per- 
ceptible in the carotid. The dura was normal in appearance. It 
showed weak, distinct pulsations. Probing between dura and 
bone upward and downward to a distance of about 18 cm. dis- 
closed no obstruction. The dura was now closed with interrupted 
sutures and healing progressed very favorably, so that the patient 
could leave for home after three and a half weeks. She died 
seven weeks later, however, from bilateral pyelonephritis and 
exhaustion. After opening the dura the post-mortem examina- 
tion showed at the level of the 5th and 6th dorsal vertebra, on 
the left side of the pia, a convoluted mass of very dilated, dark- 
blue vessels. The vessels of the pia surrounding this angioma 
(which was 25 mm. in length) were also dilated and very 
tortuous. 




Tumors of the Spinal Membranes 
Diagnosis 

Resume of Symptoms 

All intravertebral neoplasinata, be they situated extra- or 
intra-du rally, prodiit-e, by their gradual progressive compression, 
clinical manifestations from involvement of the spinal nerve roots 
or the spinal cord itself. Occasionally these are associated with 
symptoms referrible to the vertebral column. 

While these three groups of symptoms, described and classi- 
fied by Ludwig Bruns} are not characteristic and specific, the 
study of their development in the course of the disease renders a 
correct recognition of the malady in most instances possible. 

Careful study of the development of the symptoms is there- 
fore of the utmost importance. Of course, we will be compelled 
to depend mairdy upon the statements of the patients, because 
individuals afflicted with spinal trouble are, as a rule, not under 
observation for any length of thne, except in severe (fortunately 
rare) cases. 

The following manifestations are found in instances of irri- 
tation and compression of the spinal nerve roots and their points 
of origin. Pain, hyperaesthesias and anesthesias in the course of 
distribution of the respective roots ( radicular) , muscular spasms 
and spasticitis, finally limited (also radicular) flaccid paralyses of 
muscles and inuscidar atrophies which are, as a rule, associated 
with disturbances of the electrical irritability of the muscles in- 
volved. Disappearance of certain reflexes may also be mentioned 
here. The beginning of the trouble is characterized by symptoms 
of irritation, the further course by annihilation of conductivity. 
All those manifestations whicli frequently develop in part with 
fluctuating intensity may be brought about by an involvement of 
the nerve roots or their spinal segments; they are tlierefore 

'Zi. flni?i». Die Geschwulste des Nervensyatems. 2. Auflage. Berlin, 1908. 
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designated as root- or segment-symptoms. They usu- 
ally occur on one side and, since tUey correspond to the site of 
the neoplasm, they are of utmost importance in level diagnosis, as 
we shall see later on. 

The second group of symptoms is represented hy the mani- 
festations resulting from compression of the cord. If the tumor 
develops from the side, as is usually the case, the corresponding 
half of the spinal cord will suffer in characteristic cases a greater 
or less complete interruption of conduction wliich is known as 
Brown-Scquard's unilateral lesion. In some cases this important 
symptom -complex is absent, and the compression of the cord by 
the tumor leads, without this preliminary stage, directly to a 
spinal paralysis corresponding to the transverse section of the 
area involved. In cases of complete interruption of conduction 
all regions, the innervation of which is situated below that trans- 
verse section, become paralyzed. This severe disturbance is. 
therefore, only applicable in special cases in diagnosing tiie level 
at which the tumor is suspected. These cases are usually charac- 
terized by total motor and sensory paraplegia with involvement 
of the bladder and rectum and frequently also with trophic dis- 
turbances. 

After these preliminary remarks a brief description of the 
clinical manifestations may prove of value. 

L. Uruns. in his monograph above referred to, has distinctly 
divided the 

Root Symptoms 

from those resulting from an interruption of conduction of the 
spinal cord. It is to be remembered, however, that at a time 
when we find certain segmental manifestations {paralyses and 
aniesthesias) as a result of compression, the conduction of the 
cord from below upward in the corresponding region will be 
found more or less interrupted. The clinical ditferences in these 
cases are therefore indistinct. On the other hand, 



Symptoms of Irritation of the Spinal Nerve Roots 

are usually the first manifestations, and their presence 
is demonstrated before any manifestations from pressure 
set in. If they are of slight degree, the sensory roots will 
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occasion paraesthesias In the form of formications, sense 
. of numbness, and a sensation as if the part would "go to sleep." 
These manifestations may precede all other symptoms and again 
they may disappear for long periods and occasionally set in only 
when the patient attempts movements. 

After the paraesthesias, the earliest and at the same time most 
annoying clinical manifestation in cases of severer irritation is 
pain. It may, however, be absent. Any one with experience will 
corroborate the statement that this most subjective of all symp- 
toms is very variable and has only a limited application in diag- 
nosis. As in any other part of the body, especially in typical 
neuralgias like the trigeminus for instance, the pains may radiate 
to contiguous and occasionally distant parts. This is observed 
early in the history of neoplasniata of the spinal cord. Pains 
are of value as a diagnostic phenomenon when they are distinctly 
localized to a certain area and when they do not change position. 
They are especially characteristic in instances of limitation to 
particular nerve roots. Since intradural neoplasmata are, as a 
rule, situated laterally; i.e., to the side and posterior to the cord, 
pains may remain localized to one side and continue in that situa- 
tion throughout the disease. In other cases again, especially 
where the tumor originates from the posterior surface of the 
meninges, the pains will he bilateral. I have seen it embrace, 
both regions of the shoulders and be perceived by the patient as 
a distressing "girdle sensation" aroimd tlie entire thorax. 

The pains are occasionally of greatest severity and rob the 
patient of his sleep. They are sometimes elicited or aggravated 
when he attempts to move, and they are made to disappear when 
at rest, so that in certain instances they may be looked upon as 
manifestations of fatigue. Certain positions and sudden changes 
of position may invite the pains, and this is also observed during 
strong muscular tension, as in coughing, sneezing, pressing and 
laughing. Some patients ascribe tiieir occurrence to a certain 
injury, an overexertion or an exposure to cold. According to the 
seat of the trouble the patient will complain of gnawing or tear- 
ing or, perhaps, radiating pains in the arms or lower extremities, 
or of a girdle sensation of the tliorax, so that in the absence of 
other morbid manifestations they are being treated for intercostal 
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with greater certainty where the pains, which were severe In the 
beginning, become milder later on and may entirely disappear 
for a number of weeks in succession. It is a known fact that 
intervals during which the patient is entirely free from pain and 
periods of total well-being are observed at times. I recall a case 
in which the initial pains assumed the form of angina-pectoris ; 
in other instances again they were perceived as periodic gastralgia 
or gall-stone colic. 

Of greater diagnostic value than the pains are hyper- 
aestheslas of certain regions of the skin. These are, of 
course, less frequent and are caused by an irritation of the spinal 
roots which innervate the respective areas. Their extent does not 
correspond to the particular course of the peripheral nerve, but 
to the areas supplied by the root in question (see Figs. 164-167. 
pp. 985-988). The hyperjesthetic zone is occasionally found ex- 
actly above the region of spontaneous pain. 

While manifestations of irritation of the sensory roots occur 
early and are, as a rule, marked, they are less frequently observed 
in the motor parts. Irritation of the anterior roots of the spinal 
cord are cliaracterized by spasmodic contractions of a tonic 
or clonic type limited to certain regions supplied by 
particular roots. These manifestations are extremely rare, how- 
ever, and of little value for diagnostic purposes. It must be con- 
•stantly kept in mind, however, that muscular tensions and twitch- 
ings may also be brought about in a reflex manner from irritation 
of the sensory roots. 

Irritation of the sensory roots is followed by compression 
from the growing tumor. This again is followed later on by 

A Tursthesias and Paralyses 

which from a diagnostic point of view offer, from their objective 
nature, a more certain basis for diagnosis than do pains. Accord- 
ing to Sherrington's examinations, conduction of three adjacent 
roots must be destroyed before real objective manifestations are 
demonstrable. This is due to the many nerve anastomoses. This 
is true for motor as well as sensory regions. Anesthesia of cer- 
tain regions of the skin corresponding to particular nerve roots 
is not nf frequent occurrence. Paralyses resulting from lesions 
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of the anterior roots are associated with atrophy of the muscles 
and the reaction of degeneration. Disturbances of nutrition and 
of the electric irritahility of the muscles require extensive lesions 
of tiie roots and are therefore late manifestations. Oppenheim. 
has pointed out that in cases of extraniedullarj' neoplasm there 
exists a striking disproportion lietween the degree of atrophy 
and the sliglit changes in electric irritahility. 

It slioidd he emphasized once more that these manifestations 
will appear when the disease affects certain roots which will give 
rise to pains and anaesthesias, spasms, and tensions of the muscles 
and, finally, trophic and electric disturbances. By far more dis- 
tinct is the occurrence of disturbances of motility and sensibility 
in cases where the compressing neoplasm occasions 

Interruption of Conduction in the Cord Itself 
For in such cases the disturbances are reflected to all tracts of 
conduction corresponding to the compressed section of the cord. 

In some cases of compression of the posterior columns (see 
Observation XVII. 2) ataxic gait was observed. This ataxia is, 
of course, in most instances almost completely overshadowed by 
the existing paralysis, and after successful extirpation of the 
tumor when the paralysis recedes, it becomes distinctly manifest. 

Since, as stated above, neoplasmata of the spinal meninges 
originate from one side, the cord will naturally be compressed on 
that side. The result of such compression, if the tumor be seated 
above the lumbar section of the cord, will be the occurrence of 

Brown-Sctiuard's l^nilateral Lesion, 

the disturbances of which are as follows: 

There is a motor paralysis and a disturbance of the muscular 
sense (sense of position) on the side corresponding to the tu- 
mor in all regions the innervation of which leads to the com- 
pressing focus. The paralysis is of a spastic character with 
exaggerated tendon reflexes. Occasionally very annoying and 
extremely painful spastic manifestations are observed in the 
extremities, and if the neoplasm be seated in a certain position, 
there will be a boardlike tension of the abdominal muscles. The 
spastic paralysis may persist for a long time and occasionally it 
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alyses with disturbances of muscular sense and exaggerated 
tendon reflexes. In some cases the slightest touch caused muscu- 
lar spasms of the extremities of such severity that the joints could 
not be moved even with great force. In one instance of tumor of 
the cervical cord this condition and the continual flying up of the 
extremities on the slightest provocation were so marked and pain- 
ful, that both lower extremities had to be immobilized in splints. 
If the conduction of the cord is completely interrupted, the ten- 
don phenomena may also disappear and the paralysis finally be- 
comes of a flaccid type. 

Unspeakable tortures may be caused by paralysis of the 
abdominal muscles. The abdomen in such eases is continually 
distended, and extremely impleasant eructations and even vomit- 
ing occurs on account of involvement of the nuisculature of the 
stoniacli and intestines. In tlie case of a man fifty years of age 
■who sustained an injury which resulted in a laceration of the 
interarticular disc and a luxation of the 6th and 7th thoracic verte- 
bra dividing the cord transversely, the stomach and bowels were 
so enormously distended that, as shown by the autopsy, the 
serosa was torn in many places longitudinally, and a beginning 
peritonitis was found which caused the death of the patient seven 
days after the injury. 

The slin reflexes are exaggerated, at least in the beginning 
of the trouble, and this exaggeration may give rise to the strong- 
est clonic twitchings of the extremities. To this are added patho- 
logic reflexes such as the Babinski and Oppenkeim manifesta- 
tions as well as the Bechterew-Mendel reflex. The reflexes of 
the skin disappear hi the later stages of transverse interruption. 

With increasing conijircssion of the spinal cord the functions 
of the bladder and rectum and also of the sej'ual sphere become 
sympathetically affected. In the case of a man the first manifes- 
tation consisted of an incontinence of the bladder when tlie 
patient was coughing, a condition which is of frequent occurrence 
in females under normal conditions. The same patient, who was 
very observant, described a sort of weakness of the sphincter ani 
which, however, was not discovered by the palpating finger. I 
have also seen parsesthesia of the urethra in connection with these 
■cases. 
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ness, scaling, cedema, formation of blebs and ulcers of the skin, 
decubitus and finally cystitis and pyelonephritis. Later on in the 
disease the joints may also show trophic disturbances. I have 
once observed excessive sweat excretion on the affected side of 
the body. 

Manifestations from the Vertebral Column 

As previously stated, there is a third group of symptoms — the 
result of participation of the spinal column. Even in intradural 
neoplasmata certain vertebrie may become sensitive or painful on 
carrying weight, on pressure, to percussion and concussions from 
the head and finally at such movements as coughing and sneezing, 
The application of a hot sponge has in most instances yielded at 
my hands negative results. Pain corresponding to the seat of 
the neoplasm, corroborated by the other manifestations, is an 
important symptom. In some cases pressure on certain spinous 
processes will cause radiating pains. Percussion with the finger 
and hammer does not only elicit the seat of the pain, but may 
also show differences in the percussion sound (Oppenheim), a 
symptom which, of course, must be applied in diagnosis with 
greatest caution. 

As a result of pains and secondary muscular tensions, dis- 
turbances in tlie mobility of the vertebral column may attain a 
high degree, especially in neoplasmata of the cervical cord. 
Secondary deformities may also result. I have seen a case in 
which the head was so strongly bent on the thorax that the chin 
rested against the sternum and could not be moved from it, 
while the movements of rotation were free. X-ray examinations 
yield good results oidy in cases in which the neoplasm springs 
from the bone or from the periosteum {enchondroma or osteoma). 
Tumors that have imdergone calcification may also cast a shadow. 
According to Leyden and Grunmach. trophic disturbances, such 
as balisteresis of the vertebra; for instance, may also he caused 
by diseases of the spinal cord itself. 

Resume of the Diagnosis 
To arrive at a diagnosis of a space-restricting process in the 
vertebral canal, the clinical picture must have attained a certain 



r 



Etiology 



rotundity. It is justified in typical eases when the manifesta- 
tions of irritation of the roots are associated with symptoms of 
compression of the spinal cord, especially when the latter displays 
a more or less decided character of Brown-Scquard's lesion, and 
when found at the level corresponding to the lesions of the roots. 
Interruption of conduction may, of course, he complete from the 
very beginning (Stertz). In rare cases pains consequent to irri- 
tation of the roots were also absent. This is readily explained 
when the tumor is seated in the anterior half of the cord or 
posteriorly in the median line and does not come in contact with 
the regions of the roots. After a time the pains completely dis- 
appear when the increasing compression totally interrupts the 
conduction centralward (F. Schulfzc^). At other times again the 
occasional girdle sensations complained of by the patient below 
the seat of the neoplasm, evidently resulting from irritation of in- 
traspinal tracts, must not lead one, from this symptom alone, to- 
make a diagnosis of another neoplasm situated below the first. 

Duration and Course 

The disease is usually extremely chronic. It may be limited 
to these symptoms of irritation (pains) for years before other 
symptoms occur. Benign neoplasmata, as for instance the psam- 
moma of Observation XIII, 1, p. 997, is, on account of its slow 
growth, especially cliaracteristic in this respect. Sarcomata, of 
course, lead to a more rapid development of the manifestations- 
of transverse lesion. In isolated cases the entire symptom-com- 
plexus developed in a very short time. It must finally be stated 
that the .symptoms do not always increase in every case alike, 
and that periods of latency or even improvement may be observed. 

Etiology 

In a number of our cases the patients ascribed their disease to 
injury, for example: slipping and falling on the back, or a sudden 
jar on the vertebral column. In most instances, however, the an- 
anmesis will disclose that certain disturbances have existed before 
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the accident and that the latter had caused a considerahle aggra- 
vation of the symptoms. It may he possihle that hemorrhages 
into the tumor or oedematous swellings have occasioned an in- 
crease of pressure. 

It can hardly he my task to enter here into a discussion of 
the extremely difficult differential diagnosis between intradural 
and intramedullary neoplasmata. I have frequently heard H, 
Oppenheim discuss this question at consultations, and liave noted 
the careful manner in which this experienced diagnostician pro- 
ceeds, and I would, therefore, not attempt to undertake this 
difficult task at this place, where only a general resume should 
he given. 

Diagnosis of the Level of the Tumor 

The manifestations thus far studied have taught us that space- 
restricting processes are, as a rule, limited to the vertebral canal. 
If the cotnparison be permitted. I should like to compare the 
manifestations of general cerebral compression in space-restrict- 
ing processes within the skull with those under discussion. Just 
as the study of the focal manifestations of the brain are of utmost 
importance in ascertaining tlie particular location of the etiologic 
factor causing them, the symptoms referrible to the spinal cord 
nmst be studied with extreme care in order to arrive at a correct 
diagnosis of the level of tlie neoplasm in this organ. This is 
accomplished with greater ease in the cord than in the brain. In 
the former the peculiar arrangement of individual root regions 
in segments makes a diagnosis possihle, while in the brain an 
enormous number of tibre-tracts course and penetrate each other 
in every direction, so that until up to the present day only a 
small numher of these are known to us, despite the progress made 
in this particular field. 

The earlier the operation is undertaken for the relief of the 
disease, the less severe it will be and the more favorable the out- 
look for complete recovery. It is, therefore, of utmost importance 
that the diagnostician should study all symptoms individually 
and collectively with extreme care in order to ascertain the level 
at which the neoplasm is suspected. These are spoken of as 
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Root and Segment Symptoms 
■on account of their being localized to the territory supplied by 
the roots or segments and distribution of the iien^es upon which 
the abnonna! pressure by the tumor is exerted. 

The most uuportant of root-s\Tnptoms are the objective mani- 
festations in the form of paralyses and antesthesias and above all. 
the atrophic paralyses of the muscles. Pains, on the other hand, 
are not ahvays an important diagnostic phenomenon and, as 
stated above, should he studied in conjunction with the other 
s^,^uptonls. If strictly circumscribed to a particidar area, they 
may be of great imimrtance. The paitig and more frequently 
hyperecsthetic regions of the skin are usually found at the upper 
border of the timior. Both are the result of direct pressure by 
the tumor on the sensory root fibres. If the tumor extends up- 
ward, new roots will become in%'olved and the pains will there- 
fore correspond to the region supplied by the highest segment. 
Greater compression will \k exercised by the tumor upon the 
roots and cord below this region; the result will he interrupted 
conduction. The irritation is, therefore, not transferred to the 
deeply situated root regions of the cerebral cortex— hence the 
patient is not conscious of their existence. On the contrary, inter- 
nipted conduction occasional!}' leads to the formation of antrs- 
tketic zones which are naturally situated below the region of pain 
and hyperiPsthesia. 

H. Oppenheim^ has recently reported a case in which in place 
of hyperesthesia there existed a hi/perrcfle^ria in the upper region 
of the abdomen and hypochondriiim. During the operation it 
was shown that the 8th rmjt passed the upper border of the 
tumor which was irritated hy it. The hypcrretlexia was in this 
instance of e<)ual diagnostic importance with reference to the 
diagnosis of the level of the morbid condition as is the hyper- 
esthesia under similar circumstances. 
The 

Functions of the Roots and their Corresponding Segments 

are at the present time pretty well known with refereiee to 
llieir relation to the various regions of the skin, to the muscles 
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and the reflexes. With reference to the first, it should especially 
be emphasized that the isensory nerve-end fibres always supply a 
certain area corresponding to the respective root of the spinal 
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Saffrr't Scheme of Segmi^nt Diagnosis of Sensory Disturbances. 
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cord (root-field or radicular zone), irrespective of its course in the 
nerve plexus and further ramifications. As has been stated, a 
luiniber of root regions are usually associated with one another 
(by means of extensive anastomoses) iu the innervation of a 
particular region of the skin. According to Sherrington's ex- 
periments on monkeys, three, and according to L,. Bruns' clin- 
ical experiences, occasionally five segments anastomose with one 
another. In Seiffer's scheme (see Figs. 164. 165. p. 986) the 
middle of the three spinal roots supplying a given area of the 
skin is pointed out. Complete anesthesia can therefore only 
occur when all three roots have lost their conductivity. Even 
when two are destroyed and only one is functionating, sensation 
is retained. 

The Sensorif Root-Fields 

are represented in Figs. 166 and 167 by R. Bing in such a man- 
ner that the zone in question is situated to both sides of the line 
carrying the luunber of the segment. The great difference be- 
tween the root-fields and the regions of innervation by the pe- 
ripheral nerves is distinctly .shown in the figure by comparing 
both halves of the body (area? radiculares, arete nervorum). 

In a case of intradural neoplasm at the level of the arch of the 
7th cervical vertebra down to the arch of the 2d thoracic, we 
were able to point out that the patient perceived contacts with 
the brush in a narrow strip exactly in the median line from the 
thorax to the umbilicus, while the aniesthetic zone corresponded to 
the seat of the neoplasm — upward, almost to the 2d rib. 

If all facts with reference to segmental diagnosis be taken 
into consideration, that segment is to be looked upon as the one 
uppermost affected, the region of which (sensory scheme and with 
reference to Sherrington's experiments) corresponds to the upper 
border of the .sensory disturhance and the paralysis. 

With reference to localization of pain, Sherrington's law 
should also be taken into consideration, and the highest of the 
three roots which participate in the innervation of the respective 
area of the skin nnist be located. A great number of clinical 
experiences, as we shall see later on, have shown that the irrita- 
tion on the roots is exercisetl at the level of their departure from 
the cord and not on their imier, intradural course. 
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and the reflexes. With reference to the first, it should especially 
be emphasized that the sensory nerve-end fibres always supply a 
certain area corresponding to the respective root of the spinal 
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kind permission of the author they are herewitli reproduced from 
Robert Bing's "Compendiutn of Regional Diagnosis in Affec- 
tions of the Brain and Spinal Cord."' 

Most muscles, especially those the segmental supply of which 
is well known, and those exactly corresponding to the sensory 
root regions, are divided mainly into three segments. The mid- 
dle of these three segments is to he looked upon as the main seg- 
ment of the corresponding muscle. A certain muscle will, tliere- 
fore, become totally paralyzed and will show atrophy and 
disturbances of electric irritability when the conducti%'ity of at 
least all tliree anterior roots innervating it is destroyed. One 
of these, that is still functionating, may prevent the occurrence 
of paralytic manifestations. It should be mentioned, however, 
that as a result of individual deviations and peculiarities, a 
displacement of certain groups of roots to an extent of a half 
or even a whole segment upward or below may be met with 
i post fixed and pre^xed types of Patterson). 

The 

Disturbances in the EUdtation of Iieflexe» 

are also of importance in segmental diagnosis, because inter- 
ruption of the reflex are causes the respective reflexes to disap- 
pear. The level at which the various reflex arcs are situated is 
shown in the table on page 991, which is also taken from Robert 
Ring. 

It is to be remarked, however, that the skin reflexes may be 
abolished in cases of morbid foci situated above the reflex arc. 

If certain reflexes be absent (for instance, absence of the 
abdominal reflex) on one side while the reflexes situated above 
and below it be present, this unilateral manifestation may be 
utilized in ascertaining the level of the diseased condition. 
Such a case was reported by A". Mendel.^ On the other hand, 
the absence of the abdominal reflex on both sides cannot be 
used to advantage as a diagnostic plienomenon in this respect 
because it may be absent in cases of compression of the upper 
dorsal or even the cervical cord, even in th()se instances in 
which conduction is not completely abolished. Since Oppen- 

'Rebman Company. New York. 

'■"Berlin, klin. Wochenschr.," 1909. No. 50. 
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•ence of the pathologic condition on the spinal cord and its roots. 
At the upper limit we have usually to deal with segment symp- 
toms and the pains perceived here by the patient correspond to 
the uppermost spinal roots. The place of greatest compression 
of the cord is generally situated lower. According to my ex- 
periences differences in the position of the upper level may be 
found in extrameduUary neoplasmata. Of course, this mani- 
festation in these instances is only exceptionally found, but I 
have, nevertheless, seen it occur a number of times. In all of 
these cases an unusually large amount of liquor cerebro-spinalis 
had accumulated above the compressing neoplasm, and this col- 
lection of fluid had evidently exercised an action similar to 
that of the tumor itself. (See chapter on Meningitis Serosa 
Chronica. ) In two cases the operation was performed two 
vertebral arches too high. In extreme fluctuations of the indi- 
vidual symptoms and in instances where the disturbances of 
sensibility change in intensity and in individual qualities at dif- 
ferent times, and in those cases where there is a change in the 
position of the upper limit, we must think of the possibility of 
the existence of such an accumulation of liquor which may render 
a diagnosis of the level of the morbid condition diflicult. 

The cause for this fluctuation in the symptoms may in these 
£ases be explained by changes in the pressure conditions of the 
/accumulation of the pathologic fluid. Vascular neoplasmata 
with variable blood-supply and fluctuating serous infiltration 
depending upon it, exercising greater or less pressure upon the 
.spinal cord, may act in a similar manner. 

In summing up a level diagnosis, the symptoms that are in 
the foreground of the clinical picture and most constant, must 
be considered first. 

Since the functions of particular nerve roots entirely coin- 
cide with those of the segments of the spinal cord corresponding 
with them, disturbances resulting from involvement of one or the 
other cannot clinically be separated. The origin of the roots 
from their respective segments lies only in the uppermost cer- 
vical section on about the same level as their exit from the inter- 
vertebral foramina. The farther we proceed downward, the 
longer will be found the course of the roots in the vertebral canal 
before they perforate the dura and reach the respective inter- 
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vertebral foramen. For that reason we find the higher nerve 
nx»ts always close to one or more segments and their roots sit- 
uated below them. Fig. 168, p. 996, shows these relations in a 
schematic manner. 

As may he siirmisecj. these peculiar anatomic relations ren- 
der a diagnosis ilifficult; they are, however, counterbalanced by 
the fact, learned from experience, that the roots rimning intra- 
durally offer greater resistance to a compressing tumor, than the 
roots at their points of exit from the cord. We are, therefore, 
able to interpret the uppermost symptoms of paralysis and 
anaesthesia that point to an involvement of a certain root region 
ill level diagnosis and to find the respective spinal segment even 
in those places where the nerve roots have to travel for quite a 
distance to the intervertebral foramina within the vertebral canal. 

Relation of the Position of the Spinous Processes in the Spinal 
Segments 

Locating the vertebral arch imdcr wliich the neoplasm is sit- 
uated is of prime im}Kirtance in operating. To this end there 
is one guide tliat shows the surgeon the way to the depth, i.e., the 
spinous process. It is, therefore, of utmost importance to know 
the position of the bodies of the vertebra;, the arclies and the 
spinous processes in relation to the respective segments of the 
spinal cord. Fig. 108 shows this relation as well as the position 
of the cervical and lumbar enlargements very distinctly. 

With the excti>tion of the upper cervical cord, the spinal seg- 
ments and the points of exit of tlie nerve roots are always situated 
on a higher level tlian the vertebra of the same nimiber. This 
difference becomes progressively greater the farther we proceed 
from above downward. The cord ends at the 2d lumbar vertebra, 
and in this situation, at the conns terminalis. the segments are 
very closely arranged. Had has shown that individual variations 
are of quite frequent occurrence. 

With reference to the palpable ends of the spinous processes 
they are ai)pr<ixiiiijttcly on a level with the bodies of the vertebrse 
only in the ujiper cervical and the lumbar portions of the spinal 
column. On the other hand, in the loMer cervical and entire 
thoracic region, they are nmch lower than their respective bodies 
on account of their oblique direction. As stated above, in order 
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Cases in which tlie sjinptoms on the vertebral column are 
so distinct that they may be utilized in level diagnosis are rare. 
Sensitiveness to pressure of the spinous processes may be very 
misleading. In the case of a woman, sixty-six years of age, 
sensitiveness to pressure on the right side of the 6th thoracic 
vertebra was found at every examination, while the level diag- 
nosis pointed to the 7th arch. At the operation an intradural 
tumor, measuring 35 nmi., was found at the level of the 8th and 
9th arches, while a very marked collection of liquor extended to 
the 6th arch above. 



In a text-book on the subject these general remarks on 
diagnosis of the level of neoplasmata of the spinal cord should 
be followed by a description of the special morbid manifestations 
produced by the particular anatomic site of the neoplasm (cervi- 
cal, thoracic, and lumbar e<ird). Since, however, as stated in the 
introduction of this work, this is not my aim, I prefer to point 
out the differences in the clinical manifestations by examples of 
personal observations. 

I shall next describe a case of tumor in the middle of the 
■dorsal cord in which lirotcn-Serjuard's imilateral paralysis had 
developed. Later on I am giving striking examples of localiza- 
tion in the otlier section of the spinal cord. 



OBSERVATION XIII, 1 

Psammoma of the Dura Maiir at the Level of the Arch of the 
Seventh Dorsal Vertebra, Operation, June 18, 1000. Cure 
Persisting in Jaiiiiar//, IfUO. 

Early in 1897, a slight trauma to the vertebral column was 
followed three months later by a weakness in the right knee of a 
woman, sixty-five years of age. 

Soon after the onset of the disease, the patient had tlie sensa- * 
tion, when sewing, as if a mouse were running up quickly from the 
knee to the hip on the same -side. I^ater on she perceived a burn- 
ing sensation in the sole of the right foot while walking: within a 

fpw mnnths ^\\W pvtpndfd tn Hip ritrht Inwpr pvtvpmitv nnd to 
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the hip. At that time (end of 1897, beginning of 1898) the 
patient was treated for sciatica of the right side. I-.ater on the 
sense of burning extended to the left lower extremity and soon 
reached the pelvis. With a diagnosis of bilateral sciatica she 
was sent in Jidy, 1898, to a watering-place, where she remained 
imtil August of the same year. To the pains of both lower ex- 
tremities a sensation of tension and weakness around the hips 
and tlie thighs as well as a distinct girdle sensation ("as if a 
strongly conipressuig belt were tightened around me") was soon 
added. This girdle sensation extended from the lower part of 
tlie spine or the sacrimi to the front over the iliac crests, and it 
was especially annoying in the region of the right hip at the 
time wlien tlie patient was admitted to the hospital. 

The movements in the right lower extremity had very grad- 
ually diminished until alwut February, 1900; yet the patient "'as 
able to walk about when supported by a cane. Even in the 
summer of 1899 she was able to walk for an hour when, besides a 
cane she was supported by sotne one accompanying her. From 
February, 1900, however, tiie weakness in the right lower ex- 
tremity rapidly increased, but even at that time the patient was 
occasionally able to leave the bed wlien supported by two persons 
who half-carrie<l her about. 

In the spring of 1900 a neurologist {Dr. Bottiger, of Altona) 
made a diagnosis of neoplasm of the spinal cord at the level of 
the 7th thoracic vertebra, and the patieTit was referred to my 
division on the 13th of June, of the same year. 

When the patient was admitted to the hospital, a riglit-sided 
lateral lesion developed. The right lower extremity was almost 
completely paralyzed. The patient could be made to stand up 
only when two nurses held her under the right and left arm. 
Walking when supported in tliis manner showed that the left 
lower extremity was used quite well while the right was dragged 
after her in a paralytic manner. Testing the active mobility, with 
the patient in dorsal decubitus, the left lower extremity was 
found fairly normal, while in the right only the following move- 
ments were demonstrated: Weak movements of rotation at the 
hip; extremely weak dorsal flexion in the ankle-joint and in the 
joints of the toes, while plantar flexion was somewhat better; 
dorsal flexion was tolerably strong only in the big toe. The 




Fig. a. 




Fig, b. 
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sense of position was found markedly reduced in the entire right 
lower extremity. The tendon reflexes were here in part highly 
exaggerated (Achilles' tendon reflex) and in part, according to 
Dr. Biittiger's findings, initil recently, exaggerated, and at the 
admission to the hospital they were normal (patellar reflex). 

Klectric tests of the musculature showed that all nmscles of 
both lower extremities responded to faradism in a normal man- 
ner. 

With reference to the sensibility, an area, the size of the width 
of a hand, was found above and behind between the sacrum and 
the greater trochanter that was entirely anaesthetic to contacts 
with the brush, while it was hypalgesic to pricks with the needle- 
In no other part of the right lower extremity could sensory dis- 
turbances be demonstrated. Temperatvire sense was normal. On 
the left side the sense of pain was disturbed in the region of the 
entire lower extremity up to the ilium, and in the regions of the 
external genitals it was reduced. There were also disturbances 
in the temperature sense. The sense of touch, on the other liand,. 
was entirely normal. 

With reference to onset of tlie hypalgesia of the left (non- 
paralyzed) lower extremity, nothing could be elicited from the 
statements of the patient. 

Marked burning pains were complained of in the entire left 
lower extremity which were mainly perceived by the patient when 
she stepped on the sole of the left foot. Contacts with the skin 
were also painful (parsesthesia). The same burning sensation 
was also perceived in the right lower extremity, but to a lesser 
degree; contacts with the skin here were not painful. These 
pains, however, were perceived in the right "hip," i.e., in the 
region of the crest of the iliiun with greater intensity than in the- 
left. The anamnesis disclosed that the pains existed on the right 
side for a longer period than on the left. When the patient was 
moving she perceived a sense of marked tension over the upper 
posterior border of the pelvis on the right side. 

A striking atrophy of the right lower extreniity did not exist. 
No decubitus or other disturbances of the skin (oedema, atrophy, 
vasomotor disturbances) could be found. 

Disturbances of the bladder and rectum were only slight. The 
frequently occurring desire to urinate (hyperfesthia (f) of the 





1000 UiLw// Surgery of the Spinal Cord 



ja of^he bladder) had to be quickly satisfied, lest involun- 

lation ensue (imperative incontinence — Bruns). With 

jnce to the rectum there were constipation and involuntary 

iulsion of flatus. 

On the 18th of June, 1900, the patient was anaesthetized with 
Chloroform and the operation was performed. A longitudinal in- 
cision divided the skin and the soft parts imderlying it down to 
^the spinous processes to the extent of from the 6th to the 10th 
\\ spinous process of the thoracic vertebra. I, at the time, still made 
\ \ use of the chisel with which I removed the arches of the 9th, 8th 
\ I and 7th thoracic vertebras in the above described manner and 
exposed the dura mater corresponding to them. The dura was 
very tense and did not pulsate. At the upper border of the open- 
ing of the bone immediately underneath the dura on the right 
side a hard object, about the size of the point of a finger and of 
the consistency of an enchondroma, was found. Next to it the 
dura was movable. In order to expose the tumor upward, the 
6th arch had also to be removed, so that the vertebral canal lay 
now exposed to an extent of 75 mm. The tumor was felt to 
extend over the median line to the right, and its middle portion 
corresponded to the level of the arch of the 7th thoracic vertebra. 

Above the tumor the dura pulsated distinctly. Above and 
below the neoplasm it was of a normal bluish color while the 
tumor was much whiter. The incision of the dura in the median 
line penetrated into the tumor which showed that it was in a 
small area united with the dura. During this step of the opera- 
tion a large quantity of cerebro-spinal liquor drained away. 
After that, the cord distinctly receded above the tumor, thereby 
creating a hollow between the dura and the pia mater, while, 
below, the pia was raised at each inspiration, and also during 
expiration it remained distended. Distinct pulsation of the cord 
synchronous with the heart-beat was found above the tumor, 
while, below it, it was absent. The tumor (see Plate XL VIII, 
Fig. a* ) could be easily detached and removed from the pia mater 
underneath it with the closed scissors. The pia was not inmred. 



* Fig:, b, Plate XLVIII, shows a fibrosarcoma of entirely similar form, which 
developed in a man, fifty-seven years of age, at the level of the arch of the 6th cer- 
vical vertebra, situated laterally and posteriorly, and it was united with the inner 
surface of the dura. 
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inent of gas (CaCO:,). Interstitial tissue contained many poly- 
morphous connective tissue cells that lay apart without an inter- 
vening substance. 

The course of healing of the wound was perfectly afebrile, 
and the urination was spontaneous. On the day after the opera- 
tion the burning sensations in the lower extremities became 
milder, and three days later warm as well as cold were perceived 
on the left lower limb as lukewarm, and in the right they were 
felt correctly. Marked improvement in the motility of the toes 
(dorsal and plantar flexion) had already taken place. The drain 
was removed, and no more cerebro-spinal fluid was draining on 
the day following its removal. 

One week after the operation the active movements of the 
right toes and right ankle-joint had still more improved, and 
the right knee could also be moved actively to a limited extent. 
The patellar reflexes were fairly normal on both sides. Distinct 
ankle-clonus could still be demonstrated on the right side. The 
hypalgesia in the left lower extremity was receding and the 
needle-point was correctly perceived in most places. One dav 
later the improvement in the motility of the right knee and hip- 
joint was still greater. The right knee could be flexed to an 
angle of about one hundred and forty degrees. The quadriceps 
femoris began to be innervated voluntarily. 

Eighteen days after the operation the mobility iii the knee and 
hip showed still greater improvement : the knee could be brought 
actively to ahnost a right angle. Testing the sensibilitv of the 
left lower extremity, the point of the needle was evervwhere per- 
ceived normal, while the sense of pain on the right was still 
somewhat finer than that of the left. 

After twelve more days the function of the musculature of the 
quadru-eps was still Intter. and the patient was able, when the 
knee was fiexe<l to an angle of one hundred and fifty degrees and 
the thigh supported with the band, to elevate the leg and to extend 
the knee; without support of the thigh this could not be done. 
Ankle-clonus was still very distinct on the right side and the 
patellar reflex s,imewhat weaker on the right than on the left. The 
pafenl st.ll omptained of burning sensations in both lower ex- 
tremities wlm-h, however, were strongt^r on the left than on the 
right side. The change of dressings disiloseil a completeiv healed 
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wound. The patient now sat up for the first time in a reclining 
-chair, and she was also able to stand. Three days later { four and 
a half weeks after the operation) she requested to he discharged. 

The results of the examination on the 21st of July, 1900, were 
as follows: 

Sensibility. — The sense of pain was still somewhat reduced 
in the left lower extremity; while the point of the needle was 
correctly jjereeived, yet it was not as distinct as on the right side. 
The sense of touch was everj'where normal in the left lower 
extremity as well as in the zone of the right limb, fully described 
above. Back: the sensation of cold and warm was normal on the 
right lower extremity, while on the left cold was perceived as cold 
and warm, also as cold. 

Motility. — -Active movements of the right ankle-joint were 
strong and could he executed within normal limits. The patient 
was further able, while in the dorsal position, to flex the right 
thigh at the knee and hip to such a degree that tiic knee was 
almost at a right angle; she was also able to extend it actively 
from this position. When the knee was flexed at an angle of 
one hundred and fifty degrees and the thigh supported with the 
hand, the patient ivas able to fully extend the leg and to elevate 
it. Witiiout support, however, the extended thigh could not be 
elevated at the hip-joint, nor could it be retained in that position 
when brought there by passive elevation. The functions of the 
muscles of the left lower extremity were normal. The muscles 
of both extremities were flaccid; this could be explained on the 
left by contiinied inactivity. 

The active movements of the trunk did not suffer as a con- 
sequence of tiie removal of the arches of the 6th to the 9th 
vertebra?. The patient was able to sit up from a horizontal po- 
sition without effort, and all movements of the trunk were 
performed well. 

The functions of the liladder and rectum were normal. 

Attempts at walking exhausted the patient considerably. 
When supported on both sides, she bent her trunk somewhat 
obliquely backward, elevated one lower extremitv to soon place 
it dfiwn with the point of the foot first. The functions of the 
lower extremities were somewhat weaker on the right than on 
the left iide. 



1004 Surgery of the Spinal Cord 

Reflexes. — Distinct ankle-clonus was present on the right 
side. The patellar reflex was not exaggerated on the right. On 
the other hand, it was somewhat weaker than on the left. 

Subjective Manifestatiom. — The patient still complained of 
burning sensations in both lower extremities which, as she stated, 
were most marked from the knee downward, and greater on the 
left than on the right side. Her appetite and sleep were good. 

Six weeks later the patient was able to walk well and unsup- 
ported when using Volkmanns walking-stool. She was even able 
to step over the threshold. When in the dorsal decubitus, she 
lifted both her extremities well and with force. 

I examined the patient in Berlin on the 3d of February, 1901, 
and the following conditions were found: The motility and 
power, especially of the right lower extremity, had in the last 
few months improved to such an extent, that the patient was 
even able to ascend stairs when supporting herself on the ban- 
ister. She was able to walk well without any support outside 
of Volkmann's stool. The power to walk did not improve any 
further. The woman believed that her weakness in the knee and 
hip joints, especially on the right side, were due to insufficient 
force, and that the pains in the left lower extremity rendered 
her walking difficult. The latter were of a burning character 
and were located on the left side in the left lower extremity, 
especially in the sole of the foot. In the right lower limb, on 
the other hand, the pains were only slight, tolerable and local- 
ized to the toes and the knee. 

The functions of the rectum were normal, and flatus was not 
expelled involuntarily as before the operation. The patient was 
mainly constipated and frequently resorted to cathartics. 

She could retain the urine normally and was not compelled 
to evacuate her bladder even during the night. The frequent 
desire to urinate with involuntary evacuation of the bladder 
(imperative incontinence) from which the patient had been suf- 
fering before the operation, had completely disappeared. 

She believed herself much improved after the operation. The 
most annoying symptom was the pain in her left lower limb. 
When she attempted to rise from a lying position, she perceived 
pains in the lower part of the abdomen. The girdle sensation was 
still present, but weaker and not nearly as painful as before. Its 
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course was the same as before the oiieration, viz.: along the crest 
of the ilium. The painful sensation of tension in the sacrum had 
completely disappeared. 

The face was still somewhat pale, her state of nutrition good, 
and the general musculature flaccid. The linear scar, the result 
of the operation, was 17 cm, long, freely movahle on the under- 
lying structures and not sensitive to the touch. When she was 
requested to lean forward, the furrow along the vertebral column 
increased in length to ahout ^ cni. and measured then 11.25 cm. 
The spinous process of the .'ith dorsal vertebra was the uppermost 
Ixiundary of the cleft. In spite of the fact that the posterior 
wall of the vertebral canal was missing to so great an extent, 
not the sliglitest disturbances were complained of, and she kept 
her trunk erect, and tiie movements of the vertebral column were 
normal in every respect. 

Tests of Mobility. — The coarse power of the right lower ex- 
tremity was much less than that of the left. The patient was able 
when in the dorsal position to flex the right knee and to elevate 
the limb with dithculty. The power of flexion of the knee and 
extension of the foot, when resisted, were weaker than the 
movements of extension of the knee and flexion of the foot. Tests 
of muscular power showed it to be deficient. Active imitation 
with one limb of passive positions of tiie other were performed 
well, but they were executed better with the left than with the 
right extremity. Tlie volume of the musculature was equal on 
both sides. 

Tremors, fibrillary twitchings, and paralyses did not exist. 
The nuLScIes and nerves of the lower extremities reacted to the 
faradic as well as to the galvanic current (CaCC > AnCC). On 
the right side somewhat stronger currents were required. 

Sensor}/ Tests (lower extremities and pelvis, hence below the 
tumor) .—Contacts with the l)rush were everywhere perceived 
promptly; even those parts that were previously antcsthetic (sit- 
uated above the crest of tiie ilium ) , now perceived the finest con- 
tacts with the l)rusli. Tlie patient said that the contacts were per- 
ceived in tlie left lower cxtrcTuity "less distinctly" and that they 
"hurt" (hypcriesthesia ) . Pricks with the needle were everywhere 
perceived well, and the same subjective sensations were elicited 
as with the tests of contact. Contacts with the pin-point and the 
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pin-heati were not alwaj's correctly perceived, especially on the 
left side. 

The temperature sense was normal on the right side, but on 
the entire left lower extremity contacts with heat were described 
as "warm," while the application of cold was described as "still 
warmer." On the left side the diflFerence in the temperature sense 
from the hip upward was correct. 

The woman complained of sjK>ntaneous neuralgic pains, es- 
pecially on the left side in the region of the nen-us cmralis and 
the nerv'us cutan. fenior. lateralis. A decided sensitiveness to 
pressure along the large nerve trunks of the lower extremities did 
not exist. 

Of the reflexes, that of pricking the sole of the foot, was dis- 
tinct on both sides, and that of tickling the sole of the foot 
could not be elicited. On the left side the patellar reflex was 
as strong as on the right. This was also true with reference to 
the Achilles tendon reflex. Ankle-clonus, on the other band. 
was not present. 

During these observations the complaints of the patient were 
very variable, yet she was rarely entirely free from pain and she 
made constant use of Volkmann's stool. The greater the pains, 
the more difliciilt was her walk. Disturbances of the bladder 
and rectum could at no time be demonstrated. Under ncr^-ous 
agitation her pains l)ecame severer and her walk aggravated. 
These manifestations iiiiprove<l under treatment, so that the pa- 
tient was discharged Hvc weeks later. 

On the -iSth of I)ecenil)er. H>09, the patient, who was at 
that time seventy-five years of age, was examined at her home by 
my chief physician Dr. Emit Hcfimann. She coniplaincti of pain 
in the lower extremities which, however, were not verv severe, but 
interfered, nevertheless, with her complete well-being. She was 
unable to give a better description of the character of these pains. 
They would mainly iHrur during the day. and her sleep at mgfat 
was imdisturlteil. Without Volkmann's walking-stool the old 
woman could not walk — she never attempted it after the opera- 
tion. Her daughter vDlrnteereil the statement that in the last 
six months further progrevs in the impnivement of her walk was 
noticeable. She walked through her residence, which consisted 
of four rooms, innumerable times during the day. Objectively 
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the active nioveoients in the various joints were entirely free, 
but tliey were somewhat weaker in tlie right loM'er extremity than 
in the left. The patient could not hring her right foot into a 
position of complete dorsal flexion. Sensory disturbances could 
not be demonstrated on the left nor on the right lower extremity. 
An aggravation in the general condition of tlie patient did not 
take place, despite her old age. Mood, general condition, appe- 
tite and sleep were excellent. 

Resume of the Diasnosis 

The beginning of the disease with sensory symptoms of irri- 
tation, the gradually progressing sensory as well as motor dis- 
turbances to ItroTcn-Scfjiiard's unilateral lesion, the greater par- 
ticipation of the musculature than of the sensibility, all of these 
pointed to a slow but progressively developing space-restricting 
condition within the vertebral canal that compressed the spinal 
cord on the right side. The fact that there were in this case 
a number of deviations from the typical picture of a unilat- 
eral lesion such as is seen to result from a division of a half side 
of the spinal cord (for instance, the absence of hyperiesthesia 
on the paralyzed side, the absence of a reduction of the sense of 
touch on the opposite side and finally the incomplete paralysis 
of individual muscles), strengthened the probability of our 
assumption. It is natural to conceive that a gradually increasing 
intra vertebral pressure would not put exactly a half cross-section 
of the cord out of function. For not all sensory nerve fibres cross . 
each other inuuediately after they enter the spinal cord, with the 
exception of those of the sense of pain and temperature, 'frhile 
those of the sense of touch (contact) run at least in part un- 
crossed. The crossed fibres run upward in the antero-lateral 
column. The form of anfesthesia of the left lower extremity ob- 
served in our case conforms with this view. The nerve fibres of 
the muscular sense run as do the motor fibres in the cord un- 
crossed. This explains why the muscular sense in our patient 
was reduced on the ])aralyzed side. 

With these facts in mind the natural diagnosis presenting it-' 
self was, of course, that of a slowly developing intradural 
neoplasm. Since the osseous vertebral column was perfectly 
normal despite the duration of the disease (a great many years), 
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an affectiao at tfae oohimn was oibrely out of the questioci, ana 
liBi coold aiao be ansnird in tbe negative with reference to a 
'^'f^^ between tbe dura mater and tbe bodies of tiie 
If tbe latter stmctures become involved, oianifesta- 
fiona of OH^RSBoa of the roots may, of course, be tbe oolr 
nrnpCam for a Ica^ txnc In the further course of tbe disease. 
bowrrer. wben the booes become affected, certain symptoms re- 
faable to an affectian of tbe vertebral column become manifest, 
whiA ■■ our pataait was oat the case at any time. Close scrutiny 
of the lada befoce as made a ifiagDOsis of tumor in tbe interior 
of thedbia, Le^ posterior and lateral (toward tbe right sidet — a 
stuataon where intradural neoplaaiiata develop by preference — 
fairly justifiaUe. Furthermore, experience teacbes that the pic- 
tmr of imflalrral lesioo of the cord is principally produced br 
ueuplaiaiata of the sjMnal membranes. Tbe slow growth of the 
tmnor pointed to a relative benignaney. 

After arriving at this condusktn tbe question of the level 
of the tumor [ segment diagnosis i engaged our attention. Tbe 
following facts painted to its positioo: Tlw FlIUlTr oi tho 
pill 111 roAOK proved that tbe reflex arc in the Sd to tbe 4th 
lumbar segments was retained. Tlte neoplasm could tb«efore 
not extend deeper, bdow the first lumbar segment. Tbe exag- 
Iperatkn of tiie tendon reflexes of tbe right led to the same re- 
sult. The reflex Mocking influences descending from above bad 
evidently been injurrd. tbe tumor had therefore interrupted Ac 
conduction above tbe "id lumbar segntent. This condition of the 
tendoD reflexes was tbe only guide to point out to us the lower 
Iknit of At neoplaan and furthenitore to ascertain tbe spinal 
segment below which tbe action of compression co»ild possibly 
not have extended. All other symptoms which we shall discuss 
directly gave us dues to asct- rtaii) tbe upper limit of the tiuuor, 
because the manifestatitms prvidm-ed by the neoplasm itsdf can 
only extend upward tfi a jxiint corpesp*>iiding to the uwrbtd in- 
fluences on tbe spinal cunl antl ut-nt^rvxtts- 

Of symptoms nf tbe nKttor sphere there existeil a total par- 
alyss in tbe upper part of the risht lower extrv^mity. Even the 
ileo-psoas. which is inner^ateil by iif rres fnnii as high as tbe 12th 
dorsal Segment, was paralj-zt^l. As states) I*efi'rv. the individual 
muscles are innervated frv^iu three scgii-.euts of the o<^n! Since 




4 



Resume of the Diagnosis I00& 

in the case under discussion there was a complete paralysis of the 
ileo-psoas muscle (I need only point out here the most central- 
ward situated muscle) at least the 11th dorsal segment had un- 
doubtedly heen suhjected to compression and the upper limit of 
the neoplasm corresponded to this situation. 

The examination of sensibility offered the following points 
that helped us to arrive at a segmental diagnosis. With reference 
to symptoms of irritation at tlie upper limit, there existed a 
decided painful girdle sensation wliich, heginning at the sacrum, 
extended along the upper border of the pelvis to the front. This 
region receives its nerve supply from the 11th and 12th dorsal 
segments. The patient also complained of pains in the right hip. 
These pointed to an irritation of the 12th dorsal and the l.st 
hnnbar segment. It should be recalled here that every root is 
intimately connected with the neighboring two roots (adjacent 
roots) , and an irritation of one of the adjacent roots (lower root) 
for instance does not only affect the principal root but involves 
sympathetically the root above it. In such instances the symp- 
toms of irritation will necessarily appear about two root regions 
Iiigher than the position of the etiologie factor. From all ex- 
periences, hoMever, this appears to occur only in instances where 
the patient complains of very extensive pains. 

Clinical observation, at any rate, teaclies that the girdle sensa- 
tion is localized to about the upper limit of the neoplasm of the 
cord. Since in our case the girdle sensation involved tlie llth 
dorsal segment, the upper limit of the tumor was, therefore, 
diagnosed to correspond to that region. 

Of greater importance than the manifestations of irritation 
m segment diapfnosis. are the symptoms of interrupted con- 
duction in the sensory tracts whieli were also present in 
our case and which were inaiidy due to an injury of the si)inal 
cord itself. 

The sensation of pain was reduced in the left lower extremity 
in the front up to the external genitals (region innervated by 
the 1st lumbar segment), and behind to nearly the crest of the 
ilium (12th dorsal segment). There was also a disturbance in 
the temperature sense. The zone situated on the right side of 
the hack between tlie sacrum and the greater trochanter alxnit the 
breadth of a hand inmiediately above the crest of the ilium was 
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for our observation of the utmost iinportaiice. In this region 
there existed complete anaesthesia to contacts with the brush, 
and distinct reduction of tlic sense of pain to pricks with the 
needle. These manifestations of disturbances of sensation clearly 
pointed that at least three neighboring root-regions were par- 
alyzed, mainly the one corresponding to the anaesthetic zone in- 
nervated by the 12th dorsal segment and the regions situated 
immediately above and below, receiving their nerve supply from 
the 11th dorsal and 1st lumbar segment. 

When we take into consideration the experimental and clinical 
experiences of Sherrington and Unins, we must conclude that in 
order to ascertain the upper limit of the neoplasm, the amesthetic 
zone found represented in our case the most important symptom. 
While the motor paralysis extended only to the 1st lumbar seg- 
ment, the anaesthetic zone reached the 12th dorsal region. We 
were, therefore, obliged to assume that at least the 11th, and 
according to Bruiis even the 10th dorsal segment were paralyzed, 
and we were consequently to look for the upper limit of the 
neoplasm in that region. We had finally to ascertain the arch 
of the vertebra or better, the palpable spinous process under 
which the tumor was situated. We liave ascertained from the 
condition of the patellar reflexes that the lower limit of the action 
of the tumor on the spinal cord could not have reached lower 
than the 1st lumbar segment. Now then, according to Reid, this 
corresponded tti the 9th and lOtli spinous processes of the verte- 
bral column, and according to Goiccrs. to the 11th. while Henle 
marks the place as being situated between the spinous processes 
of the 10th and 1 1th thoracic vertebra;. 

We suspected the upper limit of the tumor to correspond to 
the 10th dorsal segment. According to licid, this is situated op- 
posite tlie 7th and 8th spinous processes, while the 0th dorsal 
segment, which we assumed in our case to be normal, corresponds 
with its middle portion to the level of tlic (ith spinous process. 
The 11th dorsal segment corresponds to the 8th; the 12th to 
the 8th and 9th spinous processes of the dorsal vertebral column. 
According to GotnTrs, however, the lOtti dorsal segment corre- 
sponds to the upper I)order of the Otli spinous process and 
above it. According to ITnilc tlie lOtli dorsal segment is 
opposite the spinous proces;; of the 8th thoracic vertebra and 
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below it, while the 11th is located between the spinous processes 
of the 8th antl 9tli thoracic vertebra?, and the 12th opposite the. 
process of the 10th thoracic vertebra. 

In view of all these facts, the tumor could not have extended 
lower than the 0th or 10th thoracic vertebra, and its upper limit 
was to be looked for at the spinous process of the 7th dorsal verte- 
bra. The operation proved that the tumor, which was 17 mm, in 
length, corresponded with its middle portion to the level of the 
arch of the 7th thoracic vertebra; therefore, in the sense of Ilenle. 
to the 9th dorsal segment at its upper border, to the 10th accord- 
ing to Reid, and to the 8th according to Gozcers. 

Our case corresponded with the picture of lirown-Sequard'n 
paralysis. The paralyses and aniesthesias have mainly disap- 
peared after the removal of the tumor. The slight remnants of 
these manifestations may be explained by the fact that certain 
fibres, which according to the anamnesis liave been subjected to 
pressure for at least three years, were destroyed. Finally the 
cure of the patient, who was seventy-five years of age, remained 
stationary for a period of ten years. 



OBSERVATION XIII, 2' 

Fibrosarcoma of the Spinal Membranes at the Level of the 
Second and Third Arches of the Cervical Vertebrte E.r- 
tending Dozcnn:ard to the Fourth. Extirpation of the 
Tumor and Kcinoval of the Second to the Fifth Arches 
of the Cervical Vcrtehr(c. Cure. 

The patient in this case was a medical student, who was 
twenty-three years of age at the time of tlie operation. He per- 
ceived the first pains on tlie right side of the neck in the fall of 
1903. About a year later they became more intense and lasted 
for a longer period, and they also extended to tlie left half of the 
neck as well as into the right arm. At walking, riding and jar- 
ring, the pains of tlie neck were especially severe. From Decem- 
ber, 1904, on, they interfered with the sleej) of the patient so 

'Observation XIII. 2 and 3 are published in 
Krniife, FortKesetzte Beitratre zur Neurochirurgie. 
1909, Noa. 20-22. 
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that, since the beginning of February, 1905, he was unable to 
sleep without injections of morphin. In the spring of 1905 he 
was confined to an extension apparatus for ten weeks. This im- 
proved the pains to such an extent that after the application of 
an isinglass bandage he was able to be out of bed for five or «ir 
hours daily. He went then to Salzuflen, a watering-place, where 
in August, 1905, his condition became so much worse that he bad 
to remain in bed for a number of weeks. In the spring of 1906 
his general condition was ven,' much better, so that he was able 
to sojourn from his home (Bamtnip) to Hannover. He walked 
about with a cervical and spinal supporter. 

In the following summer semester the patient resumed his 
medical studies. He took care of himself, attended two lectures 
in the morning and took short walks in the aftenioon. Even 
during the first part of the siimnier vacation he felt very good and 
was able to walk about for hours. At the end of October, 
1906, however, the first manifestations of weakness of the right 
hand were noticed and it was said that in the beginning the deltoid 
remained free. A few months later the same manifestations were 
also obser\'ed in the left hand. In the beginning of the winter 
term he was still working in the department of anatomy. His 
condition, however, became aggravated so that about Christmas, 

1906, the weakness in the right ann and in the right hand had 
■considerably increased, and he was unable to hold a knife. The 

right lower extremity was also syni pathetically affected, and 
walks tired him on account of the weakness in the limb. Rest in 
bed and GUsson's sling were ordered. 

The nights were bad in spite of veronal. In February. 1907, 
a rapidly increasing weakness in the left arm was observed, so 
that the patient was hardly able to use it. From that time on, 
the entire right arm was completely useless. Twitchings of both 
arms and lower extremities gradually developed- From Jlay, 

1907. on, the patient could only walk when supportetL The 
sensitiveness in the neck and in the arms had considerably in- 
creased. In the fall of 1907 there was a striking aggravation in 
the general condition and. when he attempted to stand or walk, 
his lower extremities trembled very much. The twitchings in the 
extremities became more frequent and of a severer grade as were 
also the pains in the neck. At the end of December, 1907, the 




Fig- a. 
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patient, who at that time eould only walk four or five steps when 
supported, was brought to a certain university clinic. There, 
two operations were performed, one on the 2d and the other 
on the 20th of February, 1908, and the arches of the 3d, ith, and 
5th cervical %'ertehrie partly removed, the dura evidently not 
opened and the tumor consequently not found. Since 
no improvement in the condition of the patient ensued, he was 
brought to the surgical division of the Augusta Hospital of 
Berlin on the 17th of May, 1908. Repeated examinations by 
Professor Hermann Oppenheim and ourselves revealed the 
following conditions: 

The pulse was 115, regular and moderately tense. The pa- 
tient complained of palpitation of the heart, of strong pains in 
the back of the neck and in the left region of the neck, and when 
he moved or was jarred he complained of paresthesias in the 
arms, especially the left, and of a sense of paralysis in arms and 
extremities and difficult urination. During the examination he 
was found in a horizontal dorsal decubitus with an extremely 
rigid, perfectly straight, vertical attitude of the head. He was 
able to turn the head a little sideward, a little more to the right 
tlian to the left. When he turned it over these limits, pains were 
at once complained of. The arms were in a position of adduc- 
tion. When the patient was lifted up in a sitting posture the 
head persisted in the same rigid, vertical position. 

Tests of the cerebral nerves disclosed that there was, outside 
of a slight strabismus convergens in the motor regions of the 
trigeminus, a distinct deviation of the lower jaw to the right 
when the patient was opening his mouth. He was also able 
to elevate his shoidder somewhat better on the right than on the 
left side. The function of the cneullaris was otherwise normal. 

A sear, the result of previous operations, extended from the 
right mastoid process to the slioulder-blade on the side of the neck 
in an arelied manner (see Plate XLIX, Fig. a). To the left 
of tlie spinous process in the region of the 5th cervical vertebra 
there was a round elevated area of greater resistance. Pressure 
on this place was somewhat painful and the percussion sound 
somewhat shortened. The spinous processes of the upper cer- 
vical vertebra?, from the 4th down, were very deep and could not 
be palpated distinctly. 
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millff. Contacts with the brush were perceived correctly only 
to the lower border of the 2d rib, tolerably well to the inter- 
iiiaiiiDiillary line, and after that not at all. The difference of 
contact between the briish and its metal handle could not be 
distinguished on the arms and below the 2d rib. In this locality 
the sense of pain was also diminished. In the front of the body, 
from the intermammiilary line to the hip, the difference between 
cold and warm could not be distinguished. 

The disturbances of the tactile sense on the right upper ex- 
tremity were considerable, especially in the forearm and hand; 
its definite localization was difficult to accomplish. The anal- 
gesia extended almost all over the entire right arm to the 
axillarj' region. On the left side the tactile anesthesia affected 
more the uhiar regions; the analgesia was here less extensive 
and not as marked. The disturbances of the sense of tempera- 
ture on the left arm were slight while on tlie right forearm, 
extending over the elbow, the difference between warm and cold 
could not be distinguished by the patient. The stereognostic 
sense was completely extinguished. 

The faradic test showed severe quantitative disturbances on 
the right arm, total abolition in the median region, especially in 
the flexors of the fingers, the thumb, the median lumbricales and 
the opponens pollicis. The disturbances in the ulnaris region 
were less marked and also in FJrb's muscles, of which again the 
deltoid was mostly affected. The left arm presented approxi- 
mately the same picture, but, on the whole, it was less intense, 
and the musculature of the median region was not entirely ir- 
responsive to the current. Contacts with the brush were per- 
ceived at both lower extremities. The sense of pain was almost 
e%'er\-wliere gone and the temperature sense of both legs was 
much reduced but not completely abolished. The sense of posi- 
tion of the big toe was disturbed on both sides, 

Hyperiih'osis was found in both hands, especially in the right. 

A hyperajstbetic zone was found on the right side of the 
neck extending from the region of the clavicle to the ear, and 
ceased exactly in tlie median line. Occasionally pricks with the 
needle were perceived in the fossa supraclavicularis with more 
pain than in other portions of the skin. The patient was here so 
sensitive that he could not bear to come in contact with anything.. 
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He stated that marked hyperffisthesia existed in the right arm 
before he came under our obseiTation. 

As a result of the findings of the examination here detailed, 
the diagnosis of //. Oppeiiheim was as follows; "Neoplasm in 
the region of the middle and lower cervical cord, the upper limit 
of which corresponds to about the 5th cervical ner\'es. Wliile a 
decision whether the tiuiior springs from the cord itself or from 
the meninges in its vicinity cannot be given witli certainty, 
the latter assumption appears the more probable. In either 
case an operation is indicated. Kven if the tumor be intramed- 
ullary, the operation will bring benefit by decompression." At 
a subsequent examination Oppenheim was more certain of the 
extramedidlary seat of the neoplasm. 

I performed the operation on the 80th of May. 1908, with 
the patient ana;sthetized with chloroform. The position of the 
patient was half abdominal on the right side, in wliich position 
he was held throughout the operation, but to avoid interference 
with the respirations he had to be turned on the back now and 
then. The incision was made in the median line and extended 
from the protuberantia occipitalis externa to the vertebra prom- 
inens, and it was about )8 cm. long. 1 guided the knjfe with ex- 
treme care through the cicatrized muscular layers on account of 
the previous operations and finally exposed the uninjured lower 
spinous process and arch of the vertebra, which proved later on 
to be the 6th cervical vertebra. After the posterior surface of the 
6th arch was exposed, a normal looking strip of dura mater about 
2 mm. wide was exposed at its upper border. The indurated 
scar was now caught with a pair of hooks, made tense by pulling 
upon it, and with careful strokes of the knife directed from the 
left to right, cautiously dissected away from the dura under- 
neath it. I continued this dissection from below upward and 
was successful in exposing the entire region of the previous two 
operations {2d and 20th of February, 1908). After tliis the dis- 
sected scar was transversely cut away from the split spinous 
process of the epistropheus. 

Despite all care, however, the external surface of the very 
tense dura, showing no sign of pulsation, was casually scratched 
at the level of about the 4th arch on the left side to an extent 
of about 14 '^'"■' '"'t '* ^'^'^^ ""t opened completely. At this 
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point it appeared as a bag under marked tension filled with 
a liquid; the former was evidently composed of the inner layer 
of the dura and the adjacent arachnoid parietalis. 

The findings of the previous operations were finally as fol- 
lows: The arches of the Ith and 5th cervical vertebrae were 
found removed hut laterally not as far as their junction with the 
bodies; of the 3d arch a median portion, measuring about 1 cm. 
in width, was absent together with the spinous process. The rest 
of these three arches were finally bitten off in typical manner 
laterally with various rongeur forceps, so that the tense dura, 
measuring 7 cm. in length and 42 mm. in width (measured over 
the convex prominence), lay freely exposed. It showed no trace 
of pulsation. Below, its appearance was normal, above and espe- 
cially to the right, indurated. Palpation showed, especially in 
the right upper region about the level of the 4th areh, a distinct 
resistance which imparted the impression of an induration of 
medium hardness. Kntirely to the right at the lower border of 
the 3d arch a spherical neoplasm of violet-gray color, resembling 
a sarcoma projected over the external surface of the dura for a 
distance of 3 mm. The dura was now split in the median line 
below and in its lower section a stream of liquor eerebro-spinalis 
jirojected, and a great quantity of that fluid was evacuated 
—hence, accumulation of liquor below the neoplasm. 
(Plate XLIX, Fig. a.) 

The tumor began at the level of the 4th arch. It extended 
to the right to the borders of the cut surfaces of the bone and 
on the left side close to these, and had therefore occupied the 
entire width of the dura. An extirpation in toto would in this 
particular (cervical) region have been very dangerous on account 
of the posterior nerve roots. I therefore preferred to split the 
dura from below upward in the median line and in this man- 
ner to divide the tumor into two halves which were, proceeding 
from the median line outward, bluntly dissected away without 
unich difficulty from the posterior surface of the spinal cord with 
closed scissors. At this stage of the operation I had not as 
yet reached the upper limit of the tumor. The arch of the 
epistropheus had tlierefore to be remo%'ed. For tliat purpose I 
made an incision into tiie bone right and left from the lower 
border upward with my cutting forceps (see Fig. 158, p. 962); 
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the rest of the arch was now divided with the large cutting forceps, 
of Horsiey (see Fig. 161, p. 964). Both of these instruments 
worked excellently in this dangerous region and with care. After 
splittuig the dura together with the tumor In the median line as 
high as the lower border of the atlas, the upper border of the 
neoplasm lay exposed. Wc were, therefore, not obliged to re- 
move any portion from the lower border of the posterior arch 
of the atlas. The tumor together with the dura to which it was 
attached at the inner surface were cut away. The 4th posterior 
root on the right side traversed the tumor and was, therefore, 
resected. Only a slight quantity of liquor drained away from 
above the neoplasm and the sac of dura In that situation was 
pulsating, therefore— no accumulation of liquor above the 
neoplasm. 

The tumor was grayish-red in color, semisolid, and a number 
of bloody snggulations were found on its anterior surface. It 
had created a wide and deep cavity in the spinal cord inmiediately 
above the visible cervical enlargement. This cavity was brown- 
ish-red in color and showed also hemorrhagic suggulations (see 
Plate XLIX, Fig. b). After the extirpation and much shrink- 
age the length of the tumor was 42 mm. and its breadth and 
thickness, which increased after its removal, were 30 and 10 nmi. 
respectivelj'. 

Since the dura mater had to be cut away to a great extent, 
the exposed cervical cord could only be covered with musculature. 
Four interrupted sutures of silk were now introduced at the be- 
ginning near the border of the incision and penetrating the entire 
thickness of the muscles down to the renmants of the arches. A 
number of other sutures were introduced between the former 
wliich did not extend so deeply. At the lower angle of the wound 
I introduced a short drain which was removed, four days later. 
After the operation the patient was much collapsed and his 
pidse was 100. On the following day he Improved remarkably 
so that subjectively he felt quite well, bvit his pulse was still small 
and about 120 beats per minute. His temperature was normal. 
lie did not vomit atid he evacuated his bladder spontaneously. 
Diapliramatic breathing was complete and extensive, and there 
was no dyspnoea. This favorable improvement continued until 
the ftth of June and the pulse-rate gradually dropped. On that 
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■day the first change of dressings was made (about one week after 
the operation ) , and the wound was found eompletely united, with 
the exception that underneath the musculature a fluctuating ac- 
cunmlation of liquor cerebro-spinalis was present. Two days 
later I opened a suture tract about the middle of the wound and 
from this opening cerebro-spinal fluid was draining in variable 
quantities for a period of about three weeks. This brought the 
patient in great danger. After that the small fistula healed 
spontaneously. 

I am giving here the following condensed abstract of the 
minute and extensive examinations, for which we are largely 
indebted to Professor H. Oppenheim: 

With reference to motilitt/, there was found on the day after 
the operation (May 31st) an absence of extension of the fore- 
arm of tlie right upper extremity while extension in the wrist- 
joint could still be executed but with very slight power. The 
motility of the lower extremity was certainly not worse than 
before the operation. On the 3d of June the patient was able 
to reach with his hands (especially the left) the point of his nose; 
this, of course, under trembling and considerable ataxia. He was 
also able to move the thunih of his left hand with greater force. 
On the 9th of June he could abduce his left arm at the shoulder- 
joint and bring it to the horizontal position, and he was also able 
to reach his forehead with the hand. 5Iotor ataxia was distinct in 
both hands but it was less than before. 

Generally speaking, all active movements, especially 
that of the left \ipper extremity, had somewhat improved 
in power and mobility. The motility of the lower extrem- 
ities was so far improved that the patient was able to ex- 
tensively move his feet and toes. On the 27th of June the 
patient was also able to abduce the right arm to almost a 
horizontal position. Flexion and extension of the right fore- 
ann were fairly extensive and powerful: this was also the 
case in the right wrist-joint. The function of the extensor 
digitonim conmuinis was good. However, there still existed a 
claw position of the fingers. The patient was, nevertheless, al)le 
to almost completely extend his four fingers, hut flexion to a 
point of closure of the fist could not be accomplished. The move- 
ments of the right hand were accompaTiicd by a fine tremor. He 
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was able to abduce liis left ami to a horizontal position. All other- 
Diovenients of the left upper extremity as well as that of the 
rifi;ht were performed, but mueh more extensi»-ely and with 
jfreater power in the foniier. At that time the patient was able 
to hold objects with his left hand so strongly that it was difficult 
to pull them away from him. At the examination with the 
patient in bed active movements of the right lower extremity 
were still deficient, but with the exception of limited movements 
of the hip they were performed to full extent with considerably 
reduced power, of course. 

On the Ith of July the mobility of his amis, especially of the 
left, had still more improved. The patient was able to bring his 
left hand to the back of his head and with his right he could 
touch the forehead. The mobility of the right thumb was also 
more extensive. The claw position of the left hand had entirely 
straijfhtened out and the patient was able to spread and adduce 
the fingers of the left hand. On the right side he could do this 
less completely and with effort. The claw position was here 
still persisting to a slight degree. All movements of the right 
upper extremity were accompanied by strong, fine tremor. 

The coarse power of the lower extremities was about normal, 
especially when the general weakness and the malnutrition of the 
patient were taken into consideration. 

The coordination in the left lower extremity was normal and 
in the right still uncertain. The ataxia was quite distinct in both 
hands but bj' no means as strong as before; however, at the 
(ingcr-toiich-nose-test he invariably brought his index finger to 
the eye. 

On the 8tb of July the ataxia in tlie right hand was less and 
the left hand .slmwcd much improvement. With the latter he 
WHS iihlc til grasp tlie examining fingers. He aceoTiiplished this 
less eoiiiplctely and with slighter power on the right side. The 
tremors on both sides were also less. Tiic range of mobilitv 
on the left side Iiaii inii)roved. On the '.iOth of July the move- 
ments of the head to left and right were fairly extensive to about 
an angle of thirty degrees and while executing them, the patient 
complained of tio pain. Forward and backward bending of tlie 
head was accomplished slowly, but to quite an extent. The other 
movements of the face nml head were unrestricted and the move- 
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nients of arm and hand were free in all joints. Flexion of the 
right hand and of the right fingers was still restricted hut the 
claw position had fairly disappeared. The patient was ahle to 
reach the parietal region with his right hand and the right ear 
with his left. The coarse power had considerahly increased. The 
movements of the trunk were free on all sides and those of the 
extremities were performed in all joints. The power in the right 
hip was less than that of the. left, hut generally speaking the 
coarse power of both extremities was good. The finger-touch- 
nose-test was still unsuccessful and the ataxia was only marked 
in the right hand. 

About tiie time of his discharge from the hospital the patient 
could walk from his room to the garden with slight support. The 
position of his lower extremities was slightly flexed but normal. 
Active movements of the right lower extremity were performed 
to the full extent with almost normal power. A paresis did no 
longer exist or was, at any rate, extremely slight. The general 
weakness of tlie patient, on the other hand, and his exhaustion 
were apparent. The movements of the head were considerably 
restricted on account of the mechanical interference as a result 
of cicatrization. Slight tremors in the hands still persisted, Tlie 
muscular atrophy, especially the small muscles of the hands, was 
distinct and the position of the fingers was not as yet normal; 
the right hand still showed a slight tendency to claw position. 
However, the patient was able to voluntarily straighten out 
these anomalies of position. He was able to elevate his right arm 
to over the horizontal position, hut as yet with reduced power. 
Adduction as well as flexion of the forearm were performed with 
full strength. Extension of the forearm showed the power re- 
duced. The active mobility of the hand and fingers had markedly 
increased and was very near normal, and the patient was now 
able to clench his fist. Almost all movements were performed 
to a satisfactory degree with the exception that now and then 
a slight weakness of the terminal phalanx of the thumb was ob- 
served at extension and fiexion. Klevation of the shoulder-joint 
on tlie left side was better than that of the right. There still 
existed a slight motor ataxia of both hands. On the 14th of 
September the patient was able to write nie a long letter with his 
right hand. 
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Sensibility. — On the day after the operation the hyperaesthesia 
in the region of the supraclavicular fossa was much weaker. It 
persisted to a slight degree on the 8d of June, and on the 4th of 
July it had completely disappeared. On the latter day the pains 
in the lower extremities and in the abdomen had also ceased. 
Two days after the operation (1st of June) contacts with the 
brush were perceived everywhere on the right arm with the excep- 
tion of the radial half of the volar surface of the hand and fore- 
arm. The patient perceived pricks with the needle on the hand 
and fingers distinctly and in the median region not as painful as 
in the ulnar region. Heat and cold were perceived correctly 
near the axilla only. On the left arm pricks with the needle 
and contacts were perceived correctly. On the 9th of June the 
patient was able to distinguish all over the upper right extremity 
between contacts and pricks, but there still existed a decided 
bathyanaesthesia in both upper extremities. Disturbances in the 
sense of position in the right hand and in the left lower extremity 
could be demonstrated on the 4th of July, while in the right hand 
normal conditions were observed. On the same day the differ- 
ence between hot and cold was distinctly perceived by the pa- 
tient in both hands and in the lower extremities. The difference 
between thermic qualities was correctly recognized on the trunk. 

On the 29th of July contacts with the brush as well as point 
and bhint were differentiated everywhere correctlv. Heat and 
cold were also recognized in all parts precisely, with the fol- 
lowing exception: On the ri^ht in the region of the nervus 
cutaneus antibrachii lateralis over the ra(h'us down to the hand 
tlie patient always perceived cold for warm and occasionally the 
reverse. The stereognostic sense had not as yet returned in the 
right hand, but the sense of position and tlie muscular sense were 
intact. In the beginning of August he was entirely free from 
pain and perceived para\sthesias nowhere. The hypera\sthesia of 
the neck had completely disappeared. While the sensibility for 
contacts and pricks with the needle was, together with the sense 
of location, normal \n both hands, a sliglit degree of disturbance 
of tlie sense of position could still he demonstrated m tlie fingers. 
The only abnormality denio?istrahlc \n tlie lower extremities es- 
])eeially in the riglit was a distinct reduction in tlie sense of j)o- 
sition. 
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Hyperidrosis persisted in both hands. 

The condition of the reflexes was as follows: On the 3Ist 
of May the knee phenomenon was still lively on both sides, the 
Babinski and Oppenheim reflexes could no longer be elicited, 
while Bechterew-Mcndel sign could still be distinctly demonstrat- 
ed. On the 27th of June no rigidity cotdd be demonstrated in 
both lower extremities; on the contrary, it was more a condition 
of hypotonia. The tendon phenomena were moderately exag- 
gerated and a trace of ankle-clonus was still present. On the 
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29th of July the tendon-periosteal reflexes of the upper as well 
as of the lower extremities were highly exaggerated and the 
Bechterew-Mendel sign persisted. The cremasteric and ab- 
dominal wall reflexes could not l)e elicited. On the 11th of 
August the tendon phenomena of the right arm were weak, 
but on the left they were exaggerated. With the patient in the 
dorsal position no hypertonia of the lower extremities was shown. 
The muscle tonus was reduced. The knee phenomenon was still 
somewhat exaggerated. Tliere was tremor in the right foot, not 
in the left. Bnhhiski and Oppenheim were negative while Beck- 
lereiv-Mcndcl sign was present on both sides. 
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/Mioiil fill' u\UUl\v r»f AuffUHi, 1(KI8, the patient was sent 
liiiinr. /inrl on llir lOtli of Decemfier he presented himself and the 
iMllnuinK <'<»n<lili<Mis wrrr found: The [Kwition of the head was 
4MIIM whiil ri^i*!; thr iMov(?Mient.s of the head to the front and 
IiimI; /im wrW lis motions of rotation were restricted but could 
III |M ilnniMMl with<Mit intcrfcTcncc. It should be kept in mind, 
linurv* r. Hint the first snrffcon hud divided the muscles in the 
liiirlv nf IIm' imcK on thr ri^'it si(h' transversely (see Fig. 169). 

Tlir hyiMnrslhrsin in the region of the neck on the right side 
IwhI ili^n|»|M'nnMl. The imisnihilurc of the arms was somewhat 
ilrririml. ImiI \\\rvr was no hH'ali/cd muscular atrophy. The 
\\i\\\ |Hisilion (»r \\\v lingers had completely disappeared on the 
Irfl suh\ iiimI (Ml the right a trace of it was present. The active 
inolnlitv III nil iiniseulnr groups of the upper extremities was re- 
IniiH d, only tin* right hand remained somewhat belund with ref- 
\ i\ lue \o t lu nn of movement and force. There was no ataxia 
\\\ tl\e nrms» ImiI n line tremor in tlie hands. The sensibilitv of 
Im^iIi hnihU. ev|Hei«lly the sense of position, was normal on both 
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In thv K^wrr extremities there was no rigidity, ataxia, clonus, 

1% r \\ tuM {^r:\ *ifuifn. Onlv on the riufht side licchtcreic- 

W, ,\ ' u^^N |M\svnt. ri\e ki\ee phenomena were normal. The 
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suit of compression of the ccrvii*al iionl set in. The fact that 
the recuperation was ko rapid an<i that within a few mouths the 
patient was almost completely restored to health ilcsplte tlie laet 
that the cervical cord had heeu subjected to so severe a pres- 
sure for a number of years, deserves special mention. It is also 
a remarkable fact that tlie phrenic nerve, the nnits of nliich 
spring; from the region of the cervical cord, and which in the 
present case was subjected to the Kreatesl pressure, did net suf- 
fer in the least. Even the manipulations of tlie cord duriiiy; the 
operation, which, to be sure, were carried on «ith the greatest 
care, did not affect the fibres of the ])hrciiicus in the least. 

It is of special importance to the surgeon to note tlint the 
use of an extension apparatus had considerably improved the 
pains in the beginning of the trouble. Op/iinhfim^ has, in one 
of his previous works. shoM'n that in the later stages of exlra- 
medullary neoplasniata, when paralytic it i an if est at ions had al- 
ready set in, such measures may prove liurmful. 

Manifestations of inotor ataxia were noted during the pe- 
riod of healing. I''or these consult also the eonchision of Obser- 
vation XIII, S. 



OBSERVATION XIII. 8 

Fibroma of the Arachnoid, Rich in Cellular KIcmciili at the 
Level of the Arches of the Sixth and Seventh Cenwil I'cr- 
tcbne. Operalimi on the 17th of June, 1007. Removal of 
Roth Arches. Cure. 

A man. twenty-nine years of age, was referred to ine fur op- 
eration in June. 1907, by H. Oppenhcim. The first manilcstit- 
tions (if the disease were noted in July. 11)0.5. At that time the 
patient cc)nii>lained of pains in the region of the right tlliow- 
joint. which occurred in the early hours of the morning and *vere 
of variable intensity, and in April. I'.lOt;. they were most s(-\ere 
and extended to the right shnuhh'r. In the smiimer of tin- smiuc 
year a weakness of the right arm was added and the pains s|ir(!ul. 
accompanied by weakness, unto the left arm. On aceonnt of 
the appearance of rigidity of the back of the- neck, a diagunsis of 

'"Berlin. Klin. Woclien»chr. . " li«)2. 
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rheumatism of the intervertebral ligaments of the cemcal por- 
tion of tiif spinal column wbs made at that time. Accordingly a 
whole scries of M;ars and pigmentations were found along the 
hack of the patient from points de feu. In Januan,'. 1907. a 
certain rigidity and weakness were found in the lower extremi- 
ties, especially in the right, so that in April of the same year the 
patient was unahle to walk. Gradually difficulty in urination 
developed. The pain.s in the right arm, on the other hand, dis- 
appeared and recurred wcasionally in the right shoulder. A 
gradually increasing weakness of the entire right upper extrem- 
ity -set in. Besides that, since Slay, 1907, the patient could not . 
have a bowel action without resorting to cathartics. In studying 
the etiology of this case neither syphilis, alcoholic excesses, nor 
injuries could be found. 

On the 13th of June, 1907. //. Oppenheim found the fol- 
lowing conditions: Both arms were weak and the lower extremi- 
ties were paralyzed. When the latter were moved passively, 
twitchings were observed. When the patient was sneezing, the 
pains in the right shoulder became more intense. The existing 
urinary disturbances consisted of dysuria and more rarely of 
incontinence. The patient did not complain of greater paries- 
thesias. An absence of tactile sense in certain regions he had 
obsen'ed himself. For about two years past he kept his head 
rotated somewhat to the left side. The passive movements of 
the head were free, with the exception of flexion of the head to 
the front, which was restricted. Pressure upon tlie transverse 
processes of the cervical vertebrse above the clavicle was found 
painful. 

The muscle tonus of the right arm was reduced, and in the 
left it was nonnal. On the right side the supinator and triceps 
phenomena w«re totally absent, on the left only the latter. Tlie 
nuisculi intero^sei of lK)tli hands were atrophic, especially of the 
right, ill which the flexors of the ulnar side of the forearm were 
also affected. With reference to active mobility, Erh's muscles 
were nomial <in the right ami, atid tiie triceps extremely weak. 
PronatitJti ami wjpirjation of the same hand were good anil flex- 
ion in the wri^t-joint wa* executed weakly. Tlie exteTisor digi- 
torum <5^»iiii(iiiiiri. Hai paretic. The greatest jiaralysis was found 
in the iiiterr^Met simJ luiohrk-alts. llyperextension and abduction 
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of the thumb were considerably damaged, also its long flexor, 
but to a less degree. Flexion of the 2d and 3d fingers was al- 
most impossible. There was claw position of the hand. Similar 
paralytic manifestations existed in the left arm but, on the 
whole, they were less marked. The function of the triceps was 
very deficient; supination and pronation as well as extension 
of the hand were good; the flexion of the hand was moderate and 
that of the fingers affected. The abduction of the thumb was 
almost completely extinguished, the extension of the thumb and 
the other fingers gone, and the flexion of tlie 2d and 3d phalanges 
deficient. The elaw position of the fingers was only sliglitly de- 
veloped. 

The disturbances of the faradic irritability were not very 
marked. The greatest reduction was in the triceps. The gal- 
vanic test resulted in the right triceps in a marked lightning- 
like ACC, in the flexor sublimis digitorum in a sluggish ACC 
=^ KCC, and in the 3d and ith interossei .in a sluggish ACC. 

On the right, contacts with the brush were not perceived 
almost to the middle of the flexor and extensor surfaces of the 
entire idnar region of the arm. foreann and liand. In this 
region a hypalgesia was present and on the little finger an anal- 
gesia which extended to the adjacent two fingers. The back of 
the hand up to the 8d metacarpus was also hypssthetie. In 
the left hand the hyptesthesia was confined to a smaller area, 
i.e., it comprised the region of the ith and 5th metacarpus and 
the 4th and 5th fingers; it extended volarward to the middle of 
the hand and the 3d to 5th fingers.* The sense of pain and tem- 
perature were disturbed in these regions on the right as well as 
on the left arm, and the sense of position of the 4th and 5th fin- 
gers on both sides was entirely gone. 

Both lower extremities were in rigid extension contracture, 
and the feet in "point foot" position. There was an oedema of 
the feet and legs — on the right more than on the left. Marked 
tremors of both feet, liahinitki and Oppciihdm positive on both 
sides. Within the last week the paraplegia of the lower extrem- 
ities became total. With the exception of a few regions there 
was complete an.Tsthe.sia of the right thigh, which, extending up- 
ward to the trunk, terminated at the upper border of the third 
rib. Pricks with a needle were not perceived as pain in the sole 
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'.»* tii^ rijrii! f>>r. h\A n^ a cr/ld «^i*»ation- .\nalgesia was otber- 
V jj»^ %vitiiiTj tJj*: waji*: JinJts a* the aiix^lbesia. Tbe sense of po- 
hr.ri! I!. U.rJj f*3^ Mid V^ei> was njix-h disturbed — oo tbe right 
niM** rnur, 'nj tfj^ kfl ^ide. and a few dars later it was cntirelv 
*-: *iiijrui6tj»:d- For t}je sefjve of temperature, pain and contact. 
•:ii* jpy^* ji'jjjt was iderjtical: on the back this could be well 
•*-V**rb^;V::d by tlje Spine of the scapula. Tbe abdcminal wall 
*:.*jC vr*r:jiiib^.frrk- reflfr^es w^^re slW^ absent. 

'Di*: jjjuvf.-'jlature of the back of the neck was CTenrwbere 
fiir*v^j^. fr^p^.'ialJy on the rijdit side. The spinous processes 
^^r^, i^A painful on pressure, yet pressure over the transrerse 
yr^>:h>^\ of th'r r-'rrvical vertebra? at the level of the 6th and 
Ttij w^rr^ painful on Ujth sides. The patient also complained of 
j/ain at t}>*r ri^rfjt sujierior internal an^le of the scapida. 

'V\^' ophtfialnjoscrjpic findings showed no deviations from the 
%iur\uik\. and the X-ray examination was also negative. Both pal- 
IMrUrnl fissures were srjmewhat narrow and could not be suffi- 
cj^rntJy widened. There were no differences in the pupils and 
their rea^rtion to light was normal. In the earlier stages of the 
divrav: the attending physician obsen'ed the right pupil some- 
wlmt wider than the left. 

The diagnosis of II. Oppenheim was as follows: "We are 
dealing with a neoplasm or a similar process which is located in 
the lower cervical cord and which originated from the right side. 
While it is impossible to ascertain whether the tumor is extra- 
or intra-medullury in nature, the former assumption is by far 
the more justifiable. The region involved is that of the 8th cer- 
vical segment, yet the 7th is also affected to a limited extent, 
1 laminectomy must, therefore, be performed on the 7th cervical 
vertebra and possibly also on the 6th. The differential diag- 
nosis nrsts between neoplasm, pachymeningitis cer\'icalis hyper- 
lrophi<ru and local meningitis serosa. The first is by far the most 
probable." 

The operation was performed on the 17th of June, 1907, 
^'itli the patient in chloroform narcosis. The skin and sub- 
<'ntaricous fat were divided in the niedian line over the spinous 
I)roc(sscs to a length of 14 cm. in such a manner that the mid- 
dle of the incision corresponded to the spinous process of the 7th 
^'crvical vertebra. This was followed by the exposure of the 
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arches of the 6th and 7th cervical and the l-st thoracic vertebra. 
This was difficult to accomplish because the cervical portion of 
the vertebral cohinin was coiivexly curved to the left; the spinous 
process was very wide and split, and the depth of the wound was 
necessai;ily very deep on accoinit of the heavy and uncommonly 
developed musculature. 

For better guidance, a portion of the spinous process of the 
7th cen'ieal vertebra was removed with the rongeur forceps. 
The arch of the 7th cervical was now perforated to the right and 
left side of the spinous process, the rest of the arch divided with 
Ilursley's forceps, and its removal completed with the Ijangeri' 
beck instrument. The presenting surface of the dura was smooth, 
but it bulged and did not pulsate. Tlie arch of the sixth cer- 
vical vertebra was next divided on both sides with the laminec- 
tome after the spinous processes of the 6th and 5th cen'ieal ver- 
tebriP were removed with tlie rongeur forceps. The arch of the 
6th cervical vertebra was easily lifted out with tlie forceps. A 
considerable hemorrhage from the bone was arrested by gauze 
packing. The length of the opening in the vertebral canal was 
48 mm. The dura did not pulsate as yet; it appeared under 
much tension and widened and a body of bluish-red color was 
shimmering through it. There was distinct fluctuation that evi- 
dently was caused by a collection of li(]uor cerebro-spinalis. 

A small incision was now made into the middle of the dura, 
from which clear cerehro-spinal fluid was ejected in spurts syn- 
chronous with the pulsations. At this point the tumor appeared 
in the opening. After enlarging the incision to a length of about 
42 mm,, a smooth, violet-colored, jellylike timior of about the 
shape of a date was found underneath the dura, posteriorly and 
H little to the right. The sharply circumscribed upper end of the 
tumor, wliich was entirely encapsulated, corresponded to about 
the middle of the arch of the 6th vertebra. It was situated be- 
tween the dura and medulla spinalis (see Plate I^, Fig. a). It 
disappeared below the arch of the 1st thoracic vertebra. Upon 
grasping its upper end with the thumb forceps it could easily 
be detached from the spinal cord, and a four-tailed posterior 
nerve root was now seen to run into it; this was divided (see 
Plate L, P'ig, b). Sliglit traction now brought the lower end 
into view so that the tumor could be lifted out ire toto. In the 




1030 SURGEKY OF THE SPIXAL CoRD 

fresh state its total length was 34 mm. ; its width 16 mm., and its 
thiekness 7 mm. The change in color of the neoplasm inune- 
diately upon its removal was striking. While in situ it was of 
a violet color, a short time after its removal it assumed a liver- 
brown hue. Macroscopically it was diagnosed as a fibromj^oma. 
The microscopic examination proved it to be a fibroma/ rich in 
cellular elements and cedematous infiltration. The compression 
of the cord did not appear to have been severe, and the bed of 
the tumor was represented by a slight depression, which did not 
bleed. 

The dura was closed by two sutures of linen and the muscu- 
lature united in two layers with the same suture material, while 
the skin was closed with silk. The entire operation lasted a little 
less than an hour, and no vessels had to be ligated. 

Three days later the subjective condition of the patient and 
his appearance were good. He urinated spontaneously. The 
pupils and palpebral fissures were narrow, the right somewhat 
more affected than the left. The hypertonia of the extremities 
was not as marked, but the tendon phenomena were still exag- 
gerated. Ankle-clonus was marked on the right; on the left 
slight. On the right Babinski but no Oppenheim. On the left 
no Babinski. The patient was now able to slightly contract his 
right quadriceps. He felt contacts on the entire right lower ex- 
tremity, not on the left. Pricks with the needle were perceived 
all over the right lower limb, not as a painful sensation but as 
cold. On the left side also an uncertain sense of cold was per- 
ceived by the patient. On the right lower extremity hot and 
cold were felt as cold ; on the left, hot was occasionally perceived 
as warm, yet interchanges were frequent. Bathyanaesthesia was 
present on the right side but no longer on the left. 

The movements of the right shoulder as well as flexion of 
the elbow were free, and the contraction of the triceps was some- 
what stronger than before the operation. The disturbances of 
function of the hands and fingers showed no changes. The 
movements of the left shoulder could be executed, but with con- 
siderably less power, especially adduction of the arm. The 
left forearm could be flexed strongly, but not extended. The 
movements of the hands were weaker than before the operation. 
The extensor digitorum communis, the interossei and lumbri- 
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tales were paralyzed, and the long flexor of the fingers was ex- 
tremely weak. The tactile anfesthesia at the uhiar border of the 
right forearm was considerably regressing, while the analgesia 
persisted. 

On the 22d of June hicontinence of urine set in. The mus- 
cle tonus of the lower extremities had somewhat decreased. The 
reflexes showed no changes, but on the left side Babinshi set in; 
again. The patient was able to make tense his right quadriceps' 
as well as the inward rotators of the lower extremity. There 
were no changes in the tactile sense of the lower extremities. 
While the analgesia in the left lower extremity continued, pricks, 
with the needle were perceived painful to a slight degree in the 
right foot and in the lower portion of the leg. The oedema of 
the lower extremities had disappeared. 

The abdominal reflexes were present on both sides. 

The triceps of the right arm was fairly strong; the extensor' 
digitonim coninnmis regained its function almost completely. 
With the exception of the index finger the patient was able to 
bring his finger-tips to the vola nianus. The condition of the 
left arm was unchanged. Tactile an;esthesia in the idnar region 
of the right arm and forearm became almost normal to contacts 
with the brush. It remained the same on the fingers and hand. 
For pricks with the needle the conditions were very irregular, 
viz., in the lower fourth of the forearm and in the arm they were 
perceived as painful, not so in the other parts of the ulnar side. 
On the left side the conditions were the same as before the oper- 
ation, but the analgesia had now also progressed to the radial 
portion of the hand and fingers. 

The pupils and palpebral fissures were contracted on the 
left somewhat more than on the right side. 

At the change of dressings it was found that the lowermost 
layers of gauze were saturated with cerebro-spinal liquor. 

On the 24th of June the patient was able to move the toes of 
his right foot. lie complained of pains in botli lower extremi- 
ties, which were subdued to a considerable degree bv the use of 
pyramidon (0.5 t. i. d.). The temperature rose only once on 
the day after the operation to 39.2" C, and the pulse to 104 
beats per minute; the temperatuVe was generally 37..5° C. and 
the pulse 90. On the 2.5th of June the patient was able to move 
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nil Ilii^fiTs t)f the left hand, and on the 27th he complained of 
dniwiiiji |):iii)s that chanjjcd in intensity; they were radiating 
fnini tlu' knees to the foot. In the last few days he again had 
tile sensation of urinary tenesnnis. Paraesthesias did not exist. 
The rigidity in the right lower extremity was no longer consid- 
erahle. and ankle-cUmiis ctnild Ik- elieited on both sides. The 
knee pheitoiiK-iHtt) wns of usual strength and Babinski was dis- 
tiuct oil the ri^it shV. but tm the left not at all. Oppcnheim 
only o« tl»e riji*it to a slijrfit degree. 

The {vitWiit was able to nttale inward and adduct his right 
K^wrr rxtrwuity. b«it he (."ould not rotate it outward. He was 
kliin «Mr h* trxt««i his leg with considerable power while flexion 
Wfcs stitl •l«a«»t. He was able to execute slight plantar flexion 
mm) WMWinuettIs of the tivs. The left thigh was in the same con- 
Jii(*»« «!t rtie ri^t. esjH-eially the quadriceps, while the left foot 
«IH< *w* wvn^ still iiunmbile. Forcible contacts with the brush 
iftv«v lH»t prr^TivtHl in only a few places of the right thigh. The 
^titfer\ttli«tiou Ik-tweeii bru.sh and pressure could not as yet be 
utjk^le: ill this respect both lower extremities were the same. 
"IViv rxixtetl analgesia of the right thigh and leg to the lowest 
j»ar* of the latter and the foot where pricks with tlie needle were 
(K-iwived as painful. On the left lower extremity pricks were 
[>«uitul all over. The patient already noticed passive move- 
uK-uts of Ihe big toe, but he was as yet unable to distinguish the 
dnx-etivm of the movements. Heat was still perceived as cold in 
the right lower extremity, and in the left, thermie differences 
"t-re named correctly. 

1'1»' tendon i)heii<»nicna of tlie right arm were absent. The 
imwii' ,,f tlie riglit triceps and the flexors of the hand had in- 
criiisfd. The extensor digitoruni commnnis did also respond 
'>» llic will of the patient. Extension <if the middle and terminal 
plmliMiges as well as separation and adduction of the fingers, 
idtbough incomplete, were now possible. Kxtension and hyper- 
cxlensiou of the thumb were now executed with considerable 
power, and the patient was able to snap his fingers almost com- 
I'letcly into the palm of his band. The paresis of the left hand 
'iful also improved — a moderate flexion nf the fingers was pos- 
i^iblt'. Movements of extension were only possible in the thumb 
l"(i index finger. The region of analgesia at the right upper 
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extremity had meanwhile considerably decreased in extent, i.e., 
to a place in the median region of the iihiar side of the forearm. 

On the 29th of June the patient was able to elevate the left 
lower extremity, and four days later both lower limbs. On the 
'2d of July he comjilained of radiating pains in the left lower 
limb. On the 4th of Jnly the wound of the operation was licaled. 
The patient complained of a painful sensation of pressure in 
the region of the mons veneris and the inguinal regions, that was 
accompanied with a heavy feeling in the knees. These manifes- 
tations continued during the night and lasted fourteen hours. 
The niuscle-tonus of the lower extremities was unchanged. The 
manifestations fluctuated in so far that the Bahinslci and Oppen- 
hi'im phenomena, which had already disappeared, recurred again. 
The active movements of the right lower extremity consisted of 
extensive outward rotation, slight inward rotation and fairly 
powerful extension of the leg; its flexion was impossible. Ex- 
tension of the toes was a little more extensive than before the 
operation, and the tibialis anticus could be made tense with con- 
siderable power. Especially strong was the plantar flexion of 
the foot. The patient was able to contract with some power the 
adductors and the inward rotators of the left lower extremity, 
and with greater power the quadriceps. Flexion of the left leg 
was still impossible, and the movements of the toes very weak. 

The knee phenomena existed on both sides, and there were 
also tremors of the feet, Bahinski and Oppenheim. The cre- 
master reflex was more distinct on the right than on the left side. 
The reflex of the abdominal walls could he elicited on botli sides. 
Contacts with the brush were perceived on the entire right side, 
while on the left only in places, and on the abdomen it was per- 
ceived witli the exception of its lower section. Heat and cold 
were still perceived in the right lower extremity, with uncertainty 
especially in the leg, yet in many places the clifFerentiation was 
distinct. In the left leg this was also felt with uncertainty, but 
in the thigli it was normal. Pricks with the needle were per- 
ceived on both sides well. The differentiation between contacts 
and pricks was distinct only In certain places. Another exam- 
ination after the lapse of a (juarter of an hour showed the active 
movements of the lower extremities more poMcrfnl. Tlie ability 
to move tl]e right arm had also considerably improved in all 
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muscle groups. The claw position waa barely noticeable. In*. 
the previously paralyzed muscle groups only a alight weakness 
was demonstrable. The tactile amcsthesia was limited to a small 
area in the ulnar region of the ri^t hand. Pricks were per- 
ceived all over the right arm. The weakness of the left triceps 
was marked, and there still existed a total paralysis of the in- 
terossei and lumbricales. The flexors of the hand were also Teiy 
weak, but the hand could, nevertheless, be clenched into a fist, 
except that the 2d and 8d fingers could not reach the hollow of 
the hand. The sense of pain was absent on the ball of the small 
finger as well as on the 4th and 5th fingers. The sense of posi- 
tion was absent on both sides on the three outer fingers. Both 
pupils and palpebral fissures were narrow, and on the left more- 
contracted than on the right. 

On the 8th of July the patient stood up for half an hour for 
the first time. On the following day the pains had disappeared 
to a considerable degree, and in the lower extremities they had 
already disappeared for the last three days. In the feet, how- 
ever, tliey were present to a slight degree. There were some 
gastric disturbances which did not depend upon food; these, 
however, disappeared about the 11th of July. The 12th of July 
was tlie first day on which the patient did not complain of any 
Ijaiu whatever in tlie feet. With the exception of the 4th finger^ 
wliich reiiiuined somewhat behind in its movements, all the others 
of the left hand could be completely extended. The patient got 
uj) every day; he enjoyed this very much. With the exception 
of the ^^■eakness and tensions that were manifest when the patient 
was moving his lower extremities, he felt perfectly free from 
subjective troiiI>Ie. He was discharged from the sanitarium on 
tlie 22(1 of July, 1907. 

Oil the 22d of August, 1007, he was able to walk when sup- 
ported on both sides, but with difficulty. His gait was spastic- 
[laretif. At tlie same time his sexual functions reappeared. On 
the KUh of September the patient was able, when supported on 
tlie arm of a nurse, to walk through tlic room and to stand up 
for ;i iiiomeiit uloiie. His walk was the typical cocks-tread gait, 
and on the left side a distinct paresis of the peroneal group was 
diiii<iiistrai)le. On the 17th of September. 1907, the patient de- 
piirfed fcir St. PettTsburg. On New Year's, 1909, he sent us 
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compliments of the season, with a letter in which he informed us 

of his complete restoration to health wliich had then persisted 

X the factory as if never ill before, 

iver ten kilometres without excessive 
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bservation XIII, I, the first symp- 
1 were at first perceived in the right 
ictuations this formed the only clin- 
iod of a year. To this a weakness 
d to the same arm for quite a con- 
t'niptoms appeared in the left upper 
mtlis the legs, especially the right 
weakness and rigidity. With the 
;tations and the appearance of uri- 
s became milder. We were, there- 
sion of the lower portion of the cer- 
The muscles supplied by the 8th 
were affected, and of these, priuci- 
lexor of the fingers, muscles of the 
' the hand. The electric irritability 
The sensory disturbances were lim- 
s and 7th cervical root. These clin- 
n accompanied with ocnlo-pupillary 
' interrupted conduction in the form 
iwer extremities, disturbances of the 
ion as high as the 2d or the 3d rib. 
an as a typical one, since it was pos- 
the disease and to exactly ascertain 

morbid focus. //. Oppcniicim was 

X'oniniend operative treatment. 
;d after the operation is noteworthy, 
he chapter on "Course After Lamt- 
lUTlinitu" (p. li:W). OpiH-iilu'lm and myself have described 
similar manifestations in the previously quoted ease (Observa- 
tion XIII, 2). In this instance the ataxia disappeared first in 
the lower extremities, wiiile later on it could still be distinctly 
demonstrated in tlie hands for (|uite a period. 
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Boatk 4es wmlraliii y in r cawrt eHn." Bcriki, IMT. pp. ISS- 
MC. 

Mr. SL G^ fortr ytan t^ age, be taai e iD in January. 1909^ 
wiA pan an Ac upper ^nal TcrtebiK. vhicfa radiated to both 
hank, opectallT to the IcH To tkb was added ri^ditv in 
tfae harfc. parzsdMMK m Uie left hand. aceompaBed with a amac 
of «eakaes» and a a te reoyioaM, which were Icai uiarte d in ifae 
■I^Mhand. T^oc was also a weakness in the left kiwer e^lieui- 
■^ with cxaggLTatcd tcndoa pheno m ena, and later tn a sense <^ 
warwrfh and anntfaeaa in the right lower extrazuty. and abcwe 
the anesthetic Booe, ginUe seo^atioD and slight byperssthcsia, 
and finally weakness of the bladder. On the 23d of April. 1904. 
whdc the patient was in Switzerland, the 3th and ^i cer v ical 
*«rtcbnr were there trephinetl, tlw dars, boweww, WBS BOt 
•psaad, antl no tuntnr was found. Healing progressed without 
diiturbances. On the ^tb of Mav a couplete spastic parapl^^ 
and paralyns of botb amis set in. and there also existed a \ 
eral farpdesthesia that extended to the 3d or 3d rib. 

On the 7tfa of January*. 1903. the amis had somewhat : 
proved, and on the 2Tth of June. I'.KW. the patient was i 
more hi4 right lower extremity to a limited extent, and the I 
tions of the bladder wtrre practically g<x»d. After that i 
graration of the general condition of the patient set in i 
the lower extremities became parah-Tcd and ccwitracted, 
finally the upper extremities became similarly involved. 
28th of July. 1906. the patient was examined by Hia Ex> 
Erb, ProfenMftn, Opjfenhtim and Schonbunt in Heidelberg, 
an exact de^ription of the findings 1 refer the reader to ( 
heim'n original report. The result of this and subsequent i 
aniinations iK ajncluded on the 30th of August, 1906. as M 
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Tumors of the Cervk-ai. Cord 
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"The symptomatologir' points to a iiiorbid process that 
extends to the lower median portion of the cervit'al cord to a eon- 
siderahle height, and in this situation causes, in the deeper por- 
tions, nearly a total interruption of conduction in the longitudinal 
tracts, wliile it exercises its influences on the cord and its 
nerve roots in an upward direction in a successive and leaping 
manner. For instance, some of the nujscles supplied by the 7th 
cervical roots (Vllth segment), as the extensors of the hand and 
the extensor communis digitoruni remained entirely unaffected, 
while those supplied from the Vth and Vlth cervicals were 
greatly interfered with. Furthermore, tlie upper limit of the 
anfcsthesia pointed to a higher position of the process, or a higher 
extension of the motor disturbances respectively. 

"The gradual progressive development and the absence of 
any systeniatization points in the first place to a neoplasm. 
The fact that the morbid focus possesses quite a vertical ex- 
tent and that it follows neither the longitudinal tracts nor does 
it possess disseminated nature, also speaks for a tumorlike 
process. 

"The main difficidty lies in the decision whether the tumor is 
intra- or extra-medullary, whether we are dealing with a glioma 
medullw spinalis (gliosis improbable) or whether the case is one 
of meningeal tumor. And it sliould be stated at the outset that 

such a decision cannot be reaciied witli perfect ac- 
curacy. 

"The following speaks for an extramedullary process. 

"1. The slow development of lirmcn-Scquard's syinptoms 
and the long persistence of this stage. (This, however, occurs 
exceptionally in eases of intramedullary tumor.) 

"2. The marked development of the spastic symptoms and 
the increased reflex irritability of the extremities. (Occurs also 
occasionally in intramedullary neoplasm.) 

"3. The fact that the interruption of conduction in the 
long tracts was almost complete, while nuclear or nncleo-radicu- 
lar symptoms were otdy slightly developed, (Complete absence 
of degenerative paralysis.) 

"A glioma could explain this symptomatology oidy, if II had 
a broad base in the lower cervical {eventually upper dorsal ) por- 
tion of the cord and consequently decreasing in size in an upward 
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direction would disappear in irregular broadening. That this is 
the case is hard to imagine. In extraniediillar\' tumors this mode 
of compression is not uncommon: strong, increasing pressure 
at the lower pole or in the middle, slighter and less stable at 
the upper pole. There may also be an increasing injurj' of the 
white substance from compression and longer resistance of the 
gray matter and roots. 

"The case is by no means typical and presents many un- 
usual facts and certain indistinctness. For example: 

"1. The absence of. or only slight pain. 

"2. The slight muscular atrophy and the electrical changes 
— but this is occasionally ob.served in very protracted compression 
of the gray substance (anterior roots). 

"3. The absence of a distinct upper limit and the absence 
of harmony between the disturbances of motility and sensation of 
tile ujjper extremities. However, it is hard to tell in how far the 
first operation is responsible for the existing conditions. 

"4. The manifestation that in spite of the begiiniing of the 
trouble on the left side the rigiit hand is now mainly affected. 
Here also the operation may have something to do with it {pres- 
sure against bone). 

"5. The fluctuations in the course of the disease and the 
intercurrent improvement. This also occurs exceptionally in 
instances of extramedullary tumor, 

"Taking all in all, an assumption of an extramedullary 
tumor (eventually of a pachymeningitis cervicalis liy|>ertro- 
phica) ofTcis a somewhat greater proliability. I, tlicrcfore, be- 
lieve an exploratory laminectomy at the level of the 6th 
and 7th cervical vertebrae to be indicated, and opening of 
the dura justified." 

The operation was performed on the 6th of September. 1906, 
with the patient in the right lateral-abdominal position and under 
the influence of chloroform-ogygen narcosis. A longitudinal in- 
cision through the old sear exposed the spinous processes of the 
5th cervical to the 1st dorsal vertebra. The muscniaturc was next 
separated from I)oth sides «ith a raspatory Careful investiga- 
tion showed that tlie arches of the 0th and 7lh cervical and the 
spinous process of the 1st thoracic vertebra were removed at the 
first operation. The exposed portion of the dura in this cleft 



was covered with an indurated, thickened sear. There were no 
visible pulsations of the dura, hut tlie number of pulse-beats could 
he distinctly counted throujjh the liquor with the finget". 

Ill order to expose the dura in a region not altered, the per- 
fectly normal arch of the 1st thoracic vertebra was drilled on both 
sides with a burr and the division completed with the lamincctome 
introduced into the drilled holes. This exposed the hluish-wiiite 
sac of dura. The renmants of the arches of the 6th and 7th 
vertebric were then removed with the rongeur forceps as far as 
their junction with the bodies of the vertebrje. The dura was 
incised longitudinally at a point corresponding to the arch of 
tbe removed 1st thoracic vertebra. A moderate quantity of 
liquor now drained away — not in a jet. Separation of the bor- 
ders of the incised dura showed that it was inseparably united 
to the scar of the previous operation and to the spinal cord 
itself. A continuation of the incision of dura upward was there- 
fore not permissible, hut it was enlarged on the right and left 
side where the dura was normal on either side of the old scar. 
By this means injury to the cord was avoided. Fig. a. on Plate 
LI, shows the induration on the left. 

This procedure exposed a dark-blue tumor of fairly smooth 
surface which in places presented a glassy appearance. The 
caudal end of the tumor could be easily removed from the cord — 
it corresponded to the arch of the 7tli cervical vertebra. The 
detachment of the dura upward succeeded oidy after the tearing 
of a few fibres of the roots whicli the tumor had embraced in its 
growth. To reach the upper end of the neoplasm, it was neces- 
sary to remove the arch of the 5th cervical vertebra, and the dura, 
which in this situation was normal, was split lengthwise in the me- 
dian line. The neoplasm extended about ^ em. more upward 
under the arcti of the 4th cer\-ical vertebra. It could he enucle- 
ated from its smooth envelope without sacrificing the hone. It 
was immediately connected with the arachnoid and. after tearing 
a few fibres, it was easily detached from the pia and cord. Two 
posterior root-fibres penetrated the tumor and had to be divided. 
While thi.s was being done, twitchings of the arms set in and, 
wliile the upper end of the tumor-mass was pulled forward, the 
respirations ceased temporarily (action on the phrenic). 

The tumor (Plate LI, Fig. c) was 73 mm. long and at its 
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widest upper portion measured 23 uim. in width. It was soft in 
consistency, bluish in color and Iiad a glassy, oedematous appear- 
ance. Its width completely filled the vertebral canal. Its 
position was somewhat to the left. After its enucleation a deep 
trough remained behind (compare Plate LI, Fig. b) which did 
not flatten out as long as the cord remained visible. The normal 
dura was united at the upper angle of the wound with one and hi 
the lower with two sutures. In the middle, where the induration 
was excised, no suture could be introduced. Over this the mus- 
cles and skin were united. The length of the incisioTi of the skin 
was 14 cm. 

The course of the disease after the difficult operation, that 
lasted one hour and tiiree-quarters, was at first satisfactory. 

The patient recuperated and on the following day the danger 
of collapse Iiad evidently passed, and no blood nor liquor had 
saturated the dressings. On the night between the second and 
third day, however, the heart of the patient, who was a sufferer for 
years and whose condition was complicated by cystitis and furun- 
culosis, refused action and on the morning of the 8th of Septem- 
ber — forty-five hours after the operation — he died with convul- 
sions of the left side of tlie body. The post-mortem examination 
sliowed in the dorsal half of the spinal cord in the region of the 
cervical enlargement from about its upper third downward, a de- 
cided flattening that measured from above downward about 80 
mm. Tlie pia was present in the entire extent of this flattening 
and, compared with tlie ])ia of tlie rest of the cord, it was slightly 
reddened, evidently due to ind)ibition of blood. The flattened 
place corresponded to tlie region where the subdural tumor was 
located. It was removed in toto. At its central end a slight hem- 
orrhage into the pia took place which extended only a few mil- 
limetres upward. The dura above and below, corresponding to 
tlie insertion of the sutures, was covered with slight blood co- 
agula. The spinal nerve roots on the right side were of normal 
size, while on the left tliey were considerably thinned. 

Cauda Equina 

The portion of the spinal cord offering the greatest difficulty 
in level diagnosis is the cauda equina, and in this particular region 
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it would have been of greatest value for surgical intervention 
since it extends over ten intervertebral openings. For instance, 
the first saeral nerve in tbe adult runs from its origin to its exit 
for a distance of I-t cm. within the sac of dura. From tlie lower 
border of the body of the first linnbar vertebra, or from the mid- 
dle of tlie 2d on, the spinal roots are closely grouped within the 
vertebral canal, i.e., from the 2d lumbar pair on, all hinibar-, 
.sacral- and coccygeal-roots; those emerging at a higher level are 
situated laterally, and those lower, medianward. Since, liow- 
ever, the pairs of roots have the same functions as their corre- 
sponding spinal segments, the actual segment-symptoms result- 
itig from compression of either the cord or the nerves are not 
followed by marked differences in the clinical manifestations, he 
they due to compression of the cauda or their respective sections 
of the linnlro-sacral cord. 

We divide the epicoutm mcdullnnH wliich contains tlie seg- 
ments of the 4th and .ith lumbar as well as the 1st and -Jd pairs 
of sacral nerve roots from the conus mcdtiUaris which comprises 
the three lower sacral and the coccygeal segment. However, 
clinical experiences in connection with anatomic and operative 
results have disclosed a few symptoms that may be utilized in 
diagnosis. I shall cite two personal observations. 



OBSERVATION XIII, 5 

Enchondroma of the Posterior Surface of the Body of the Third 
Lumbar Vertebra xvhieh had amsiderahlif Narroived the 
fertebral Canal. Operation on the ^.'id of December, lUOH. 
Cure. 



This case has been pidilished in the "Deutscbe Medizinische 
VVochenschrift," 1909, No. 16, uiider the title: "H. Oppen/ieim 
and /''. Krauze. Uber Einiileiniming, bzw. Strangidation der 
Cauda Equina." 

A man, forty-three years of age, otherwise well without a 
history of syphilis, complained for the last three or four years 
of oecasi(itial pains and paresthesias as well as a certain restric- 
tion in the mobility of both lower extremities which were mainly 
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iiiarketl after exertions and lively movements. On the 30th (if 
October, 1908, he attempted to prevent the falling of a swaying 
man by catchinji him with both arms and supporting hini. While 
doing this he was compelled to bend forward and to use a great 
deal of power, during which he was dragged for a few steps. 
Immediately thereafter he perceived a pain in the left lumbar 
region which became more intense from minute to minute, tmtil 
after a lapse of half an liour lie was unable to stand erect and 
had to he put to bed. His main complaints now consisted of vio- 
lent pains in the back at every attempt to change his position, of 
annoying pulling sensations in the lower extremities, which ap- 
peared almost completely paralvKed, and of almost total insensi- 
bility of his buttocks. Outside of these symptoms of marked irri- 
tation there were other symptoms referable to the plexus-himbo- 
sacralis, in other words a symptom complexus that spoke for an 
aflFection of the cauda equina high up. 

A part of the morbid nianifestations, especially those of irri- 
tation, receded under rest and iodides. After this the course of 
the disease was changeal)le. but there gradually developed symp- 
toms of degeneration ( reaction of degeneration ) of the paralyzed 
parts and which also involved a muscle that up to that time was 
unaffected (extensor cruris quadriceps sinister) . The antesthesia 
was changeable in some places and in others (posterior surface 
of the thigh) it comprised a greater area. These clinical mani- 
festations suggested a space-restricting process, perhaps due to 
neoplasm. The nianifestations referrible to the nervous system 
pointed to the 3d lumbar vertebra which was sensitive to pressure. 

//. Oppenheini referred the patient to me for operation with 
the following report: " In this patient, nianifestations referrible 
to the region of the sacral roots gradually developed within a 
few years, being limited mainly to the right side, yet the 5tli 
lumbar and on the left side the -Ith were participating. The 
nianifestations consisted of pains located in the lumbo-gluteal 
region as well as in the region of the sciatic nerves, paraesthesias 
of the same distribution, which affect the peroneus and tibialis 
posticus on the right side with almost no involvement of the 
tibialis anticus, involvement of the same region but to a slighter 
extent on the left side, and here also incomplete aflFection of the 
extensor cruris quadriceps and the gluta?i mainly on the right. 
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These are associated witli disturbunct's of sensation which are 
mainly marked in the region of the 3d and 4th saeral on the 
right side (cireimian^, to a slight extent in tlie region of the 
njiper sacral roots a^ slight distnrl)anees of the functions of the 
bladder and rectini* 

"The eonditiuir may liave originated from the hinibu-sacral 
cord (conns and eineoiins) or from the eauda eqnina. The asym- 
metry, the pains, the slight accentuation of disturbances of the 
sphincters, the non-participation of tlie upper lumbar roots, 
renders the origin of the morbid process from the spinal cord 
improbable. I am inclined to believe that the morbid condition 
is situated in the upper region of tlie eauda equina about the level 
of the 3d lumbar vertebra mainly to the right. Of course, it may 
extend somewhat above this point or somewhat lower. Since 
there is nothing in the clinical history that speaks for syphilis 
{tVa«sermaiiit negative), a neoplasm or a similar process (vascu- 
lar tumor ( 0. meningitis serosa {'■)), which exercises compres- 
sion, are to he taken into consideration. 

"Internal medication proving of nn avad, I am for laniinee- 
tomy at first at the level of the 3d hnnbar vertebra." 

On the 23d of December, 1908, the patient was operated on, 
and since the symptoms in correspondence with the focal manifes- 
tations pointed to the right side, the patient was i)laced some- 
what toward the left.' The thighs were semiflexed in the hip- 
and knee-joints in order to render the lumbar portion of the 
vertebral column prominent. The back in the hmdiar region 
was made as prominent as possible for the same reason. In order 
to avoid evil influences of compression on the heart and region 
of the chest, the pelvis was made to rest on a heavy cushion while 
the shoulders v.ere resting on the operating table. The extrem- 
ities were wrapped in thick flannel blankets and the chest and 
abdomen were also covered with flannel. 

After making a longitudinal incision the 2d. 3d. and 4th 
arches of the lumbar vertebra- were exposed. After removing 
the 2d and 3d arches, the dura lay exposed to an extent of 6 em. 
It did not pulsate at all. and in its upjier two-thirds it was seen 
to lie tense on account of the accumulation of li<pior. while in 
its lower i>ortion the tension was evidently due to the presence 
of a solid mass. An opening made into the dura brought forth 
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a gush of liquor, and with Jt the closely set roots of the cauda 
equina projected from the opening of the dura Hke a hernia, 
so that the impression was gained tliat the pressure must have 
been great (Fig. 170). The dura was sjilit longitudinally to the 




Fig. 170 

entire length of the wound, and after the cauda equina was lifted 
upward with a pair of blunt hooks a tumor twice the size of a 
bean of longitudinal direction situated in the lower portion of 
the wound came to view (see Fig. 171, below). It was covered 




by normal dura from the posterior surface of the bodies of the 
vertebra?. The neoplasm was of solid consistency. To eliminate 
the possibility of a vascular tumor it was aspirated. Since no 
blood came away, an atteinjit was made to separate the dura from 
the tumor with an elevator, i.e.. from the posterior surface of the 
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bodies of the vertebrte; this, however, was not successful on ac- 
count of the very close union. A longitudinal incision wus there- 
fore made into the anterior surface of the dura above the highest 
level of the tumor, and the latter was removed as radically as 
possible by means of a sharp spoon. During this step of the 
operation there was a considerable hemorrhage. Intradural 
probing showed a region tiiat was free for about the length of a 
finger downward, and a similar region above, that extended for 
at least two vertebral arches. Suture of the dura and wound. 

Microscopic examination of the extirpated tumor-masses 
[Chief Phyfiicinn Dr. Hef/mann) showed it to consist luaiiily 
of cartilage tissue with few cartilage-cells. The fibrous elements 
were fairly strong and bloodvessels extremely few. In only a 
few places aggregations of granulation-cells were present. No 
necrosis. Yew calcifie<I places. \o hone tissue. 

The operation was very successful and the pains and partes- 
thesias ceased at once even while the patient was sneezing or 
coughing, and there was improvement in all morbid manifes- 
tations. This improvement of the patient was delayed for a 
period of at least two weeks by a cystitis which was accompanied 
by fever. After this the patient was able to attempt .standing and 
walking. Four months after the operation he informed me in 
a letter that lie was able to walk a few steps in his room or on the 
street without any support. With tlie aid of two canes he was 
able to walk for twenty minutes without becoming especially 
fatigued. Six months later- — about ten months after the opera- 
tioti — his general condition was ver\- much improved; he was 
able to walk two thousand steps witliout a cane, and when sup- 
ported with a citne he could continue for an hour and a half. 
Without it be was able to ascend stairs with difficidty. with it 
he could do so H-ith case. Of the right-sided paralysis of the 
peroneal grcHip there was only a slight remnant. Wlien tlie 
patient was sitting he was able to execute dorsal flexion with the 
right fo<it to a normal degree while plantar flexion only to a riglit 
angle. Protiation and supination were not possible. The j)a- 
tient was able to aeci>rn|)Iisli all movements with the left fool. 
His general condition wits good. 

The neoplasm was situated, as diagnosed by //. Oppenlieim, 




at the level of the 8(1 lumbar vertebra ami affeeteil therefore only ] 
the Cauda equina. Characteristic of this position were the sen- 
sory manifestations of irritation in the form of pains in the ' 
perineum and anus and in the region of the sciatic ner\'es. These 
were associated with parajsthesias in the same region and antes- 
thesias in the region of the 3d and Ith sacral (circumanal) and 
less marked in the upper sacral roots. The functions of the blad- 
der and rectum Iiad alsfj suffered. There was finally an asym- 
metric participation of the nuiscidature which produced flaccid 
paralysis. While the peroneus and tibialis posticus (I>.'.S|), leav- 
ing out the tibialis anticiis (Li) of the right side, were more 
affected, the left quadriceps {L^ and :i), and on the right side the 
gluteal muscles (L, and -,). were affected sympathetically. 

Witli participation uf the conns meduUaris the functions of 
the genitals, bladder, and rectum, as well as an ansesthesia in 
the region of tlie anus, perineimi, and the genitals could be 
produced, as was the case in this instance. In diseases of the 
conus, sensory symptoms of irritation are usually absent, while 
in our case they were present. Tumors exercising pressure 
on the cor<l cause, as a rule, at first unilateral root symptoms, 
because the roots of the otlier side are protected to a certain 
measure by the spinal cord itself. Contrary to this, however, as 
in our case, diseases of the cauda will not infretiuently cause 
manifestations that are bilateral from the lieginning. Again, 
diseases of the conus produce motor disturbances that follow 
the arrangement of the segments, wliilc in our case they were 
asynmietrie. 

With reference to the level, tlie upper lumbar roots were free, 
which spoke against the participation of the lumbo-sacral cord. 
The disturbances had to be located so high that the uppermost 
roots were reached at their points of exit. This corresponded to 
the third lumiiar vertebra at the u]>j)er limit of which the 2d 
and at the lower the ;Jii pairs of lumbar roots emerged from the 
vertebral canal. 

I shall describe an intradural neoplasm in the form of an 
exostosis in the chapter on ^'Mcuinr/iti>t Serosa Chranicn" (Ob- 
servation XIV, 5. p. 1071). 

Especially difficult for diagnosis as well as for operation are 
those cases in which the cauda c(|uina and the upper sacral or the 
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OBSERVATION XIII, G 

Angiosarcoma of the Soft Membranen of the Spinal Cord in 
the Region of its Lumbar and Sacral Portions as Well as 
in the Cauda Equina. Death in Collapse, Twelve Hours 
After Incompleted Operation. 

The patient in this case was a woman, twenty-four years dC 
age, who was referred, on the 12th of December, 1901, to the 
Augusta Hosjiital by Professor Remak, He placed the follow- 
ing history at our disposal. 

Two years prior to her admission, the patient fell backward 
from a flight of stairs and forcibly struck the ground with her 
back and sacrum. Six months later she began to complain of 
pains hi the sacnini. She could not sit for any length of time. 
In the beginning of 1901 the pains became stronger and the pa- 
tient began to limp on the left foot; she tlien consulted a physi- 
cian. At that time a diagnosis of sciatica was made. Steam- 
baths, sweating, electricity, etc., were tried but without success, 
and the walk of the patient became worse from day to day. On 
the 16th of May, 1901, tlie patient had to be catheterized for the 
first time. From then on, her menstruation, which was always 
regular, ceased, her walk became almost impossible and the pains 
worse. 

At the first examination {October. 1901) the findings of 
Remak were as follows: The patient could walk into the room 
supported, but she had to be carried uj) the stairs. Her gait was 
peculiar. She projected her buttocks to a striking degree, but 
permitted the point of the left foot to drag. Careful examina- 
tion showed a paresis or paralysis in the region of the left gluteal 
muscles; their faradic irritability was gone. There was also a 
jinrtial paralysis of the peroneus on the left side which was 
mainly located, by electric examination, in the tibialis antieus. 
Reaction of degeneration was not present in the glutei nor in the 
region of the peroneus. 

The enormous sensitiveness to pressure rendered the exami- 
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nation very difficult, and all that could be elicited was that both 
patellar reflexes were gone without the existence of manifesta- 
tions of paralysis of the extensors of the thigh. On the left leg 
a slight hypassthesia dolorosa could be demonstrated. There 
were also transitory disturbances of the bladder. 

The relatives of the patient did not consent to an immediate 
operation. The manifestations, liowever, became so much aggra- 
vated that two months later the parents of the patient brought 
her to the Augusta Hospital for operation. At that time it was 
impossible for her to walk. 

About the middle of December, 1901, her condition was as fol- 
lows: She was well nourished and very obese. Her heart, lungs 
and kidneys were negative, and the pulse was frequent and of 
variable intensity. No deformity was discovered on the vertebral 
colunm, and there were neither oedema nor infiltration in any 
portion of its soft parts. There was a high degree of sensitive- 
ness to pressure between the spinous processes of the 4th and 5th 
lumbar vertebrae and also pain on percussion. The entire sacrum 
was extremely painful to pressure and the pains radiated to the 
region of the trochanters and down to the legs. Every change 
of position was accompanied by loud crying of the patient. There 
was a changeable sensitiveness to pressure of the upper lumbar 
and lower thoracic vertebrse. 

The rectal examination without an anfesthetic was very pain- 
ful and, with the patient asleep, disclosed no abnormalities. 
Upon introduction of the finger normal contractions of the 
sphincters were perceived. The functions of the bladder and 
rectum were somewhat retarded, but there existed no in- 
continence. 

The patellar reflexes could not be elicited. The left foot 
hung down in a pes equinus fashion and the left thigh lay ro- 
tated inward. There was no atrophy of the left leg and the 
circumference of the calf was 27 cm. on both sides. The muscu- 
lature of the left quadriceps and calf felt somewhat flaccid on 
this side, however. The function of the left quadriceps was in- 
complete; active extension of the flexed leg at the knee was 
hardly possible on the left side, while on the right it was executed 
fairly well. The left ileopsoas was weaker than the lisilit. On 
the left side there was a complete paralysis of the peroneus, the 




the calf of the left side (contra-pressiire against the haiii]) was 
execiitfd fairly but weaker than on the right side. The flexors of 
the left leg were functionating. The musculature of tlie left 
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buttock (outward rotators) was atrophic. There was a motor 
weakness in the right lower extremity, but the function of the 
extensors was good. Percussion of the patellar tendon was not 
followed by contraction of the quadriceps but of the adductors 
on both sides. When the patient was asked to elevate her lower 
extremities, a distinct ataxia was discovered. 

The electric examination, with the patient under the influence 
of an anaesthetic, showed the following: On the left side the 
gluteus maximus muscle and the other outward rotators did not 
react ; the outward rotators reacted on the right side. Irritation 
of the right nervus peroneus elicited contractions. The irritabil- 
ity of the adductors of both sides was good (nervus obturatorius) 
and that of the left nervus cruralis was, corresponding to the 
atrophy of the quadriceps, somewhat reduced. The left tibialis 
anticus muscle still reacted and showed no reaction of degener- 
ation. 

The sensibility down to the knees was not disturbed, yet 
there existed a small zone of reduced sensibility for contacts with 
the brush and temperature on the inner side of the right thigh 
(La) (Fig. 172, p. 1049). There was also a diminution of sen- 
sation in both feet which, however, did not extend to the calves 
(Lo and Si). On the anterior surface of the leg, however, and 
not extending as high as the knee, a hypersesthetic zone was 
found (L4, Lg + Si). Localization was frequently erroneous; 
for instance, in testing the left foot the right shin-bone was pro- 
jected. Cold and warm were perceived on both calves indis- 
tinctly, and cold less so than warm. 

The sensory nerv^e-root regions Si, L3, 4 and L5 were affected; 
S2 and S3 were free. Of the motor-roots of the left side the 
following were involved: Ileopsoas I^i, o, 3; quadriceps Lu, 3 4; 
tibialis anticus 1^4, 5; flexors of the leg Lr,; glutei Jj:^; peronei 
L5, Si. All lumbar and the 1st sacral segment were also in- 
volved. 

I performed the operation on the 27th of December, 1901, 
with the patient under the influence of chloroform. After re- 
moving the arch of the -tth lumbar vertebra the dura appeared 
very tense and of a dark-blue color. Extradurally nothing ab- 
normal was found. After removing the arch of the 5th vertebra 
a smooth newformation of bluish-black color and about the size 



of a digit projet'ted fmin below in the median line from the 
vertebral canal. During the reseetiim of the 1st Naeral arch a 
cavity "'as torn into, which did not ht-long to tlie sac of dnra 
and from which alKint 10 drops of a yellowish Huid containing 
needles of cholesterin were evacnated. The cleft in the vertebral 
canal was 11.3 ctn. in size. The tense dnra was split which at 
once exposed the solid intradural tnnmr. A riwt was seen rnn- 
ning from right to left npward toward the lower pole of the 
neoplasm. The tumor was very soft in consistency and was 
detached witii the finger from below and the thus loosened por- 
tion removefi. Its lower end was freely exposed, but its upper 
limit could, in spite of the removal of the arch of the 3d lumbar 
vertebra and the opening of the vertebral canal to a length of 
11 cm., not be reached. The operation had to he interrupted on 
account of collapse of the patient. No cerebro-spinal liquor 
whatc%'er was evacuated. Deep suture of muscles with catgut. 
Closure of the woimd of tlie skin which measured '2-i cm.' 

The length of the tumor removed was 9 em. ; its greatest width 
28 nmi. We were dealing with a very soft, gray-red sarcoma. 
The bleeding during the operation was slight, and only one ves- 
sel had to be ligated. The rest of the hemorrhage was con- 
trolled by compression. After the operation the pulse was sniaU 
although not very frequent (84). and the general impression an 
hour after the operation was satisfactory. In the following hours 
the condition of tlie patient became worse, and she died of col- 
lapse at eleven o'clock in the evening. 

The post-mortem examination {Profegnor Dr. Oestreich) 
showed only small quantities of blood in the vertebral canal in 
the region of the operation. The gluteal musculature was brown- 
ish, especially on the left .side. In some places it was also yellow- 
ish-gray and atrophic. After coimting the expo.sed vertebral 
column it was found that the 3d to the .^th lumbar vertebrw and 
the upper i>art of the sacrum were removed. Above the field of 
operation, as high as the 12th thoracic vertebra, there was a 
-Spindle-shaped enlargement of the dura and the spinal cord. 
(Plate I. II, Fig. a.) At the region of this lumbar enlargement 
the spinal cord and the ner\'es radiating from It were enlarged, 
the enlargement increasing in a downward direction. Its con- 
sistency was soft and jellylike. The affected nerves were in 



1052 Surgery of the Spisai, Cord 

part yellow and in part gray. The tumor-mass itself was gray- 
ish-red, very soft and siiceidcTit. Cross section of the upper 
thoracic cord was not pure white, hut the white substance was or 
a light yellow color. Tlie bloodvessels above the tumor were 
markedly dilated, tortuous and turgid. A transition from the 
neajilasm to the vertebral column did not exist. The left ventri- 
cle Mas dilated, the myocardium pale and light-brown. The 
other organs showed no abnormalities. 

Diagnosis. — Angiosarcoma spinale, lumbale et sacrale (the 
endothelium of the pia showed hyaline degeneration). 

According to the above-cited localization of the paralyses, a 
lesion of the hnnhar roots had to be assumed. There were no 
disturbances of motility and sensiliility lii<rlicr up. On the other 
hand, there was an excessive sensitiveness to pressure over the 
sacrum and the intolerable pains radiated from this situation. In 
the absence of tid)erculosis and a negative history of syphilis, the 
progressive development of the malady had to be diagnosed as 
one of tumor either in the cauda equina or in the lower portion of 
the spinal cord itself. 

The extraordinary sensitiveness of the sacrum spoke prin- 
cipally for a disease of the cauda, because' in these instances the 
pains are usually excruciating and of great extent. In our case 
they affected mainly the sacrum and the coccyx. Tiie neoplasm 
had evidently affected the cauda the least, because the greatest 
point of sensitiveness was below the '2(1 lundiar vertebra. While 
in the beginning of the disease manifestations of irritation in the 
sensory sphere affected inairdy the sacral region and the left 
lower extremity, in tiie later course of the malady motor dis- 
turbances, especially of the gluteal and peroneal groups, were 
added. The slight extent of the sensory disturbances during the 
rapid progress of the affection was striking. 

The operation, however, disclosed an extensive neoplasm of 
the spinal cord as well as of the cauda. The primary seat of the 
trouble could not be ascertained even at the autopsy. 

Multiple Intravertebral Tumors 

In general neuro-fibromatosis, neuromata may also be mul- 
tiple within the vertebral canal. Animal parasites (cystlcerci 
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ami cchinococci) may al.sy (itvelop in ii 
iminljer of jjlat'es ami, as in tlic brain, soli- 
tary tubercle and metastatic tumors as well 
as giimmata may also affect the spinal cord 
in multi{>le form. 

The diagnosis of multiple focal disease ol' 
the spinal cord is only of interest to thf 
surgeon in so far that in the more favorabk' 
cases operative intervention is rendered very 
difficult aTid in the unfavorable instances in- 
terference shouhl not be attempted. 

In the majority of cases the diagnosis of 
the presence of multiple neoplasmata is un- 
fortunately unpossible. If the neoplasm has 
caused a complete interruption of conduction 
in a particular place, tiic extensive symptoms 
of paralyses and anesthesias will not permit, 
from the clinical manifestations, to make a 
diagnosis as to what the eon<lition below the 
neoplasm is or whether another tumor has 
developed. In instances where the conduc- 
tion is not completely abolished but severely 
damaged, a correct diagnosis in neoplasmata 
of the thoracic cord is hardly ever possible, 
and in its cerA'ical and lumbar portions obtain- 
able oidy under favorable circumstances in 
how far the neojilasui had sympathetically af- 
fected the cord below. Our knowledge in 
instances of multiple neoplasmata is by far 
more uncertain. I recall the case observed by 
H. Oppenhclin and myself of a man, forty- 
six years of age. in whom all symptoms 
pointed to an intravertebral neoplasm in the 
region of the 8th cervical segment. The dis- 
turbances were at tirst of the Broncn-Scqiiard 
type, hut later on developed on both sides. 
On account of the development of severe 
disease of the internal organs, operation was 
advised against. After a few months the 
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|mlit'h( ilinl. aiiit tlu- [xiNt-iiiorti-iti examination showed an exti-a- 
tliirii) siiivniim in thr irgion of tlio urch of the 7th cervical ver- 
li'Iirii. Anolhci" tumor of tht- same size ami of the same his- 
loloffit' I'liHi'tu'lt'i' WHS tilso foiiixl in the middle portion of the 
Ihorncic cord which was hIso situated extradurally. On account 
of the lii)j:h intciTu|»ti(in nf eondiu'tioii the tumor situated below 
phMlmrd no m-w manifestations. 

SintT Ihf Kinlle srnsation may l>e perceived lower than the 
iHMititnvvsiiig tumor, its iKvurrvnce should not lead one to con- 
t'Uuli* the rxistcnw of another neoplasm. 




Meningitis Serosa Chronica Circumscripta 

Frequently cases come under observation in wliicli the devel- 
opment of the disease as well as the existing clinical manifesta- 
tions point to a mass compressing the spinal cord in which, how- 
ever, laminectomy discloses the only or principal cause for the 
existing distnrbances to be a circumscribed collection of liquor 
eerebro-spinalis under high tension. 

When I spoke of the surgical treatment of neoplasmata of 
the hrain and spinal cord at the Congress of Naturalists in Stutt- 
gart in September, 1906, the discussion disclosed that many 
neurologists expressed surprise at my statements with reference 
to the class of cases presently considered, and found explanations 
for a number of hitherto obscure phenomena only after the cita- 
tion of a series of my personal observations. I based iny remarks 
at that time on the cases observed by //. Oppenheim and myself.^ 

Hermann Schlesinger had already described a case of local- 
ized hydrops of the spinal menibraTies with history of the case and 
post-inorteni findings. His paper did not receive nuich atten- 
tion, however. A similar case has been reported by Spiller and 
Musser^ which was operated upon by Edrcard Martin. Until the 
end of July, 1911, I have operated upon forty-five cases for 
neoplasm of the spinal cord or instances presently considered in 
which the changes to be described were found eleven times. This, 
however, may be a casual occurrence in the hands of one observer, 

' F. Kriiuse, Zur Kenntnia der Riickenmarkaiahmungen. v. Langenbeck'a "Ar- 
chiv ftlr KliniBche Chirurgic," Vol, LXXXIV. "VerhandluiiKen der Deutschen 
Gesellachflft fiir ChirurKie." XXXVI. Kongresa, 1907. p. 598. 

H. Oppenheim. "Beitra^o zur DiaRTioHtik und Therapie der Geschwtilste im 
Beroich des centralen Nervensystems. " Berlin, 1907. 

' H. Sckteifinger, "BeitrasezurKenntnia derRtickenmarksund Wirbeltumoren, " 
Jenn. 1898. p. 46. 

'■'Spitler, lHwiaer, and Martin. "University of Pennsylvania Medical Bulletin." 
Mareh, 190S, Vol. XVI. p. 27. 

Spitlfr, "American Journal of the Medica! Sciences," January, HMKt, Vol, 
CXXXVIl. p, 95. 
I, 1055 
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l)iit it must be admitted that these cases do not represent exeep-^ 
tional conditions. This view is also held by Victor Horsley} Of 
late a number of publications of this still obscure condition have 
appeared in the literature. 

Araclmitis Adhaesiva Circumscripta 

The development of accunmlations of liquor and liquor-ten- 
sion, limited to a certain circumscribed area of the spinal meni- 
l)ranes is remarkable, indeed. J. Henle^ characterizes the arach- 
noid and subarachnoid tissues as *'a physiologically water-thirsty 
connective tissue of extremely loose make-up. The areolar nature 
of this tissue permits the fluid to rapidly circulate around the 
central organ, and the movement of the latter in its watery en- 
velope may actually be compared to a sort of swimming." Since, 
in the opinion of this author, opening of the fibrous covering 
of the brain and spinal cord is invariably accompanied by an 
injury of the arachnoid during which the subarachnoid fluid nat- 
urally drains off and the connective tissue collapses, explains 
why the distinct manifestations observed in the living subject 
are not found at the post-mortem table. The autopsia in vivo,, 
as surgeons know fn>m experience, frequently fiu-nishes pictures 
that are physiologically more correct than the necropsy. 

'*In cases* however," says Henle, ** where the arachnoid cannot 
fallow, it becomes tense and bridges over the fissures between 
the convolutions of the brain« the posterior transverse fissure, the 
posterior lateral fissure and the irregularities at the base of the 
cerebnun/* 

Acix^rding to this author* certain cimstrictions and closures 
of iiulividual portions of the central organ occur even in nor- 
mal subjects* for he says on page 318: ''The proximity of 
the itMineetive tissue trabeculae and the extent of the areolar 
spact^s of the subarachnoid tissue are in reverse relation to the 
d^pth of the valleys over which the arachnoid stretches* and this 
state of affairs may in places ( for instance* in the posterior trans- 
verse fissure and between the pons and the hypophysis) show a 
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complete absence of the connections between the arachnoid and 
the structures underneath it. In Other Instances again the 
areolar tissues condense to a firm partition which di- 
vide the subarachnoid space into separate chambers. 

Siieli partitions are freciuently seen to extend Convard from the 
corpora candicantia to the arachnoid." 

While Henle describes these conditions to exist in the brain, 
he mentions nothing of their occurrence in the spinal cord. 1 . 
have, indeed, found such local circmnscribed collections of liquor 
or enclosed cedenife (hydrops), of the arachnoid spaces in many 
operations on the brain, especially for epilepsy. With reference 
to the spinal cord, fluid conditions are quickly rectified imder 
normal conditions, but if pathologic states are present (displace- 
ments or adhesions of an inflammatory nature), mechanical 
changes {arachnitis adhasiva circumscripta) may cause a cir- 
cumscribed accumulation of liquor to a level of, for instance, 
two or three vertebral arches. 

I have described a case (Observation VII, 3, Vol. II, p. 716) 
of affection of the eerebelluni which was analogous to the just 
detailed morbid condition of the spinal cord. In that case a cystic 
tumor resulted from stagnation of liquor that gave rise to mani- 
festations of cerebellar tumor and led to an operation. After 
the cystlike space was opened into, an extraordinary large quan- 
tity of clear liquor was evacuated, while up to that point of the 
operation not a drop of fluid had drained off. The resemblance 
of these findings with those of meningitis serosa spinalis im- 
pressed my assistants as well as myself, for the reason that this 
particular morbid picture was observed by us during a number 
of operations. 

Because of our limited knowledge of these processes, I shall at 
first proceed to cite a few personal observations. 

OBSERVATION XIV, 1 

Arachnitis Fibrosa with Stagnation of Liquor. Operation March 
12, 1000. Four Years Later, Corisidcrable Improvement. 

In May, 1901, the patient, who was at that time forty-two 
years of age, and who was treated seven years before for lues. 
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and who was also an alcoholic, was suddenly seized with baring 
pains in the riglit half of the chest which radiated from the clav- 
icle downward to ahoiit the middle of the sternum. This hap- 
pened after an exposure to cold while hunting. In the fall the 
pains became more severe and extended over the entire right side 
of the chest; this was accompanied by a girdle sensation at the 
level of the uppermost ribs. Transitory improvements followed 
various bath-, iodide- and mercury-cures in the following years. 
Generally, however, the condition became worse in so far that 
besides an increase and spreading of the pains to the left side 
the patient also suffered from formications in the soles of the 
feet, especially of the right, and from asthenia (compare H. 
Oppenheim, "BeitrJige zur Diagnostik imd Therapie der Ge- 
schwiilste ini Bereich des centralen Nervensy stems," Berlin, 
1907, Observation 12, p. 151). 

The patient was born with a right-sided club-foot which, how- 
ever, did not interfere with his walking in any manner. Besides 
this there gradually developed a marked kyphosis of the upper 
portion of the vertebral column, so that the chin was closely set 
against the sternum; the kyphosis could, however, be actively 
straightened out to the full extent. 

Where he was treated previously a diagnosis of "metasyphi- 
litic, eccentric neuralgia of the root-zones" was made and a sus- 
picion of tumor entertained. The vertebral canal was opened and 
the arches of Die 2d and 3d dorsal vertchrsE removed. Since the 
dura mater appeared normal and i)ali)ation of tiie cord did not 
reveal anything of a pathologic nature, the dura was not opened, 
but the 2d and 4th posterior nerve roots were divided on both 
sides. The surgeon erred, for wHliout opening the dura mater 
we can never tell whether intradural changes exist or not. The 
patient improved only a little and transiently after the operation. 

In March, T90G, he was sent to me for operation by //. Op- 
penheim, who diagnosed a probal)le neoplasm or chntnic menin- 
geal inflammation with adhesions at the level of the 2d to the ith 
dorsal segment with especial affection of the right half of the 
spinal cord. In view of the congenital anomaly of the develop- 
ment of the patient (besides right-sided club foot there was also 
an absence of the .5th metacarpus and a siiortening of the 5th 
finger on the right side), he also thought of a congenital anomaly 
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of the cord (gliosis) which he did not entirely exclude, and he 
also took into consideration, on account of the excruciating ra- 
dicular pains, a combination with an extrainedidlary process. 
Taking everything into consideration, he thought that an open- 
ing of the dura would be indicated. 

Oppenheim formulated his diagnosis as follows: 
"The most prominent syinptonis in this case are the severe 
intercostal pains, the persistence of which and their gradual de- 
velopment (increased severity and extent) from right to left 
and from one intercostal region to the other speaks for a local 
process which compresses the posterior nerve roots or the spinal 
cord itself. After excluding vertebral trouble we are bound to 
first think of a specific meningitis. This diagnosis, however, can 
hardly he sustained, in view of the repeated antisyphilitic treat- 
ments, Mhich brought no improvement and did in no way retard 
the progress of the disease. Against tabes spoke the gradual 
progress and excessive extension of the pains as well as the uni- 
lateral spinal cord symptoms that appeared in the later course 
of the disease, especially homolateral exaggeration of the tendon 
phenomena, BabinslH and the presence of contralateral hypies- 
thesia." There was also a marked rigidity in the right lower 
extremity with persistent ankle-clonus, an enormously exag- 
gerated knee-phenomenon and the presence of patellar-clonus. 

On the 12th of ilarch. 1906, the patient was put under the 
influence of chloroform and I opened the vertebral canal to the 
extent of four arches. This was rendered very difficult on ac- 
count of the adhesions resulting from the first operation. After 
splitting the old scar which measured 12 cm. in length, the normal 
4th and 1st dorsal arches were removed, the cicatricially changed 
muscle fibres divided in the median line with extreme care. 
During this step of the operation three old catgut ligatures were 
found. The dura was covered with a layer of extremely hard 
indurated tissue of about 2 to 3 mm. in thickness to which 
cicatricial strands intimately united the dura on the right side, 
while on the left it was possible to detach it bluntly (Plate LI I, 
Fig. b) . With great difficulty wc were successful in exposing an 
I indurated tissue-formation from the normal upper and lower 
' regions which in course, position, and form corresponded to the 
dura. Some cicatricial tissue was takcTi awav with flat incisions 
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until the bluish color of the dura appeared which to the naked 
eye did not show pulsations, but they were barely perceptible 
to the palpating finger. 

The dura was now opened longitudinally with a scalpel. A 
large quantity of clear liquor cerebro-spinalis was immediately 
evacuated and its egress was interrupted, because the oedematous 
arachnoid protruded into the incision in the form of a violet-gray, 
shiny cvst which actively floated to and fro (see Plate LI I, 
Fig.c).' 

After the dura was freely exposed and the cystic arachnoid 
scarified, a large quantity of liquor drained away which filled the 
entire depth of the large wound and which had to be sponged 
out two or three times. The licpior was perfectly clear and of 
normal appearance. After completing the longitudinal incision 
of the arachnoid, it collapsed, no more liquor drained away 
and I could examine the cord, but no tumor was found. Careful 
probing in an upward and downward direction and on all sides 
of the cord disclosed no obstacles whatever. The pulsations of 
the exposed cord were now distinct, especially in the upper sec- 
tion of the wound. However, wide cicatricial strands were found 
in this situation about the level of the arch of the 1st dorsal 
vertebra rmining from the inner surface of the dura to the pia 
and to the spinal cord (see Plate LII, Fig. d) ; they were care- 
fully divided. 

On the posterior roots nothing abnormal could be found in 
the field of operation, and looking up and down the dural sac 
their appearance was normal. The operation was completed by 
closing the dura with four interrupted linen sutures over which 
the nuiseulature and skin were united. Healing per primam. 

The active movements, reflexes, and the sensibilitv did not 
suffer in any way from the operation. Eleven days after the op- 
eration the BabinM plienomenon had disappeared on the right 
side. The attacks of pains did not diminish in the first two weeks 
after the operation but their severity became less and less, so that 
the patient could get along without morphin, to the use of wliich 
he had resorted up to that time. Outside of the disappearance 
of the Bahinski reflex the improvement was also noticeable by the 
disappearance of the slight sensory disturbances found before 
the operation in the right and left lower extremities in the form of 
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Brovin-Scquard's syinptoin-coniplexus. The patient had im- 
proved eonsidtrably. His appearance was brighter, but he still 
complained of occasional pains. When his mind was detracted 
he spoke lively and his movements were perfectly free. He took 
walks and was evidently happy. However, the disturbances did 
not disappear completely. He was discharged on the 29th of 
April, and no marked changes were noted in his condition until 
July, 1907. 

On the 23d of May, 1910, his attending physician sent me a 
very favorable report. The se%'ere attacks of intercostal neural- 
gia had disappeared anci tiie occasional pains in the chest were 
of very short duration and did not inconvenience the patient to 
any extent. In the winter of 1909-10, the condition of the patient 
had considerably improved; he was happy and participated in 
all fonns of pleasure which he had never exj)ected to do liefore. 
According to the physician there is no comparison between the 
condition of the patient before the operation and at this time. 

In this case there certainly existed a localized, circumscribed 
inllanunatory process of tlie meninges which, outside of the ad- 
hesions, was proven by the enclosed collection of liquor. Oppcti- 
hcim was of the opinion that it could not be stated with certainty 
"whether outside of this condition an intramedullary trouble 
(gliosis {'.) ) was active or not. From the persistence of the 
subjective manifestations, even though they are not as marked 
as before, this is not probable since the long durati(«i of the dis- 
ease and on account of tlie decided nosophobic character of the 
patient a psychogenic element must also be taken into consider- 
ation with reference to the pains." 

OBSERVATION XIV, 2 

Arachnitis Adtucsii'a icith Staf/nation of JAquor. Rcmoxml of 
the Second lu Fourth Arches of the Dorml Fetiehr<t. 
Death from liespiratory Paralysis. See Report of Oppeti' 
heiin, p. 14t> ff- 

The patient in this observaticm was a man, thirty-five years 
of age, who was suffering seven or eight years ago with pul- 
monary catarrh and hemoptysis and who, in the course of six- 
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teen years, developed manifestations of Broxvn-Scquard^s 
paralysis. His trouble began in May, 1904, with formications 
in the left leg and foot, whieli in the course of a few weeks ex- 
tended over the entire lower extremity and the left lower region 
of tlie abdomen. There was a painful girdle sensation above the 
umbilicus, retention of urine, impossible ejaculatio seininis dur- 
ing coitus which was accompanied by pains in the left half of the 
penis and scrotum. In the spring of 1905 these manifestations 
became more severe, and the violent paiiis in the I'iglit sacral and 
lumbar regions gave rise to fainting spells. Specific medication 
and water cures did not relieve the patient al all; on the contrary, 
increasing weakness of the right lower extremity set in so that it 
was dragged when the patient was walking. About the end of 
July, 1905, the pains appeared in the right shoulder-blade and 
occasionally also in the right arm. 

On the 1st of September, 1905, Oppenheim found spastic 
paresis in the right lower extremity, with Bahinski and Oppen- 
heim reflexes and retention of the sensation of position, while on 
the left lower extremity as high up as the 6th rib hypalgesia and 
therm-hypiesthesia were found. On the right upper portion of 
the back, tactile and painful sensations were somewhat reduced 
from the 5tli to 6th ribs. Pressure on the spinous process of the 
3d thoracic vertebra was very painful. 

Oppcnhci Ill's diagnosis was: "Picture of extramedullary 
tumor at the level of the 3d thoracic vertebra; either neoplasm 
or obscure caries with pressure on the cord by caseous material 
or, perhaps, encapsulated liquor causing restriction of space. 
Pressure from behind and on the right side. Epidural tuber- 
culous granulations may also play a role, but tumor is more 
probable." 

Extension was at first tried, but this aggravated the condi- 
tion of the patient so that he was put under the influence of 
chloroform on the 30th of September, 1905, and I performed 
laminectomy. After removing the 'Id and 3d arches of the dor- 
sal vertebne, the dura, which lay exposed to an extent of 31/^ cm., 
was found enormously tense and not pulsating anywhere (Plate 
LIII, Fig. a}. In order to ascertain whether a space-restrict- 
ing process springing from the walls of the vertebral canal was 
at play, I probed in a downward direction before opening the 
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(liiral sac and about 2 cm. from the Imver border of the cleft 
(if the bone I met witli resistance. The dura was now spHt lon- 
gitudinally and a clear liquor burst forth in a jet in large quan- 
tities, and under considerable pressure. After this evacuation 
the spinal cord pulsated in a normal manner. Probing witliiii 
the sac of dura showed a resistance on the right side below 
and about ll/^ cm. laterally from the lower border of the in- 
cision. For this reason the arch of the itb vertebra was removed 
and the opening of the dura contuuied so that the spinal cord 
now lay exposed to a lengtli of 6 cm. About the level of the 3d 
arch to the right, broad adhesions were discovered between the 
two leaves of the arachnoid or better between the inner surface 
of the dura and the pia mater together with the spinal cord (see 
Plate I-HI, Fig. b). They formed a sort of pocket in which 
the probe was caught, while the obstruction, found before the 
dura was opened, was evidently caused in this place by the enor- 
mous tension of the liquor. In the region of the adhesions the 
arachnoid was cloudy and cedematous. After they were sev- 
ered, no other obstructions M'ere met by the probe above, below, 
laterally or to the front. No caries of the vertehrw were discov- 
ered nor was there an extrameduUary tumor, and outside of 
adhesions the spinal cord appeared normal. 

During the operation the patient was in the semi-abdomiiuil 
position and Iiis respiration became very bad. This might have 
been caused by the pulmonary trouble from which he had pre- 
viously suffered. An hour after the woimd was closed the pa- 
tient succumbed to progressive respiratory insufficiency. 

I ant sorry that no consent was obtained for the post-mor- 
tem examination, and for that reason an intramedullary pro- 
cess cannot be excluded with certainty. On the other hand, 
all symptoms could be accounted for by the adhesive arachnitis 
and the marked retention of liquor. 

^Vhile in these two cases no extradural process was found. I 
have on other occasions observed changes between the dura and 
the inner surface of the vertebral canal which may have been the 
cause for the patliologic accimuilation of liquor. I shall cite a 
number of observations to illustrate the various conditions found. 




OBSERVATION XIV, 8 

Tuber culosh of the Third and Fourth Lumbar Vertebra,] 
Operation. Cure of the Meningitis Serosa. 

A woman, sixtj' years of age, who, outside of a hemoptysis ' 
from which she was suffering about twenty years ago, always 
enjoyed good health, suffered, tliree months prior to her admis- 
sion to the hospital, from retention of urine and liad to be 
catheterized. This condition was repeated and became aggra- 
vated. Pains in the left lumbar and sacral regions were now 
added which were accompanied with weakness of both lower ex- 
tremities and eight days prior to her admission a swelling was 
discovered in the left lumbar region close to the vertebral col- 
umn. At that time she had a chill accompanied with high tem- 
perature. The patient was well nourished, pallid and had slight 
rises of temperature to 38" C. \o abnormal conditions were dis- 
covered on the thoracic and al>dt)niinal organs. 

Outside of the total paralysis of tlic bladder there was a 
paresis of both lower extremities which of late culminated in an 
almost total paralysis of the left extremity. Besides this the pa- 
tient complained of girdle pains in the lumbar region. Below 
the lower lumbar vertebra\ to the left, a deep-seated fluctuation 
could be demonstrated. An incision to the left of the 3d and 
4th lumbar vertebrie evacuated a fairly large abscess which was 
lined with a well -developed, tuI)crculous. pyogenic membrane. 
A fistulous tract led to the spinous and transverse processes of 
the 8d and 4tli lumbar vertebrse, which the pcriostemn left ex- 
posed and which were carious. i\fter resection of the diseased 
spinous processes and removal of iioth arclies the dura was found 
exactly as tense and pulseless as in the first cases described, hut 
in the vertebral canal no jius nor granulations were found. As 
a result of the abscess and the transmitted irritation to the dura 
there e^'idently resulted a transudation of quantities of liquor 



ccrcbro-.spinalis so lar^e that they gave rise to manifestations 
of compression of the spinal cord. 

Under iodoform tamponade the abscess cavity healed within 
six weeks to such an extent that tlie deep woimd could be closed 
in layers. The radiating pains disappeared immediately after 
tlie operation, and the paralysis of the bladder and the para- 
plegia receded very slowly. Three months after the operation 
the patient was able to leave her bed and attempt to walk. Five 
weeks later she left the hospital with tolerably useful extremi- 
ties. Her bladder disturbances had finally disappeared. In the 
further course of the disease the functions of both lower ex- 
tremities also completely recovered. She was admitted to the 
hospital one year later for a fistula formation, but at that time 
no more disturbances coidd be demonstrated. The patient com- 
plained of occasional weakness in the extremities. After a Tium- 
ber of curettements the fistula closed, and for a year I could ob- 
serve the patient to be in first class condition. After that time 
she disappeared. 

We learn from this operation that in cases of caries of tlie 
vertebrie manifestations of compression of the spinal cord arc 
not only brought about by a kyphotic displacement of the bodies 
of the vertehriE and not only by the filling ont of the vertebral 
canal with granulations and pus, but seeondaiT accumulations 
of licpior of circumscribed extent may also occasion or contribute 
to paralyses of the cord. 

With reference to the last case, I nnist cite a passage from 
Oppenheim's "Treatise on Diseases of the Nervous System," 
5th edition, p. 318. He saj-s: "Brorvn-Scqnard's symptom- 
complexns but rarely occurs in caries, although I have observed 
it in a few cases, and in one instance in which the narrowing of 
the vertebral canal as a result of displacement of the bone gave 
rise to a considerable accumulation of liquor cerebro-spinalis 
above the point of compression. In this instance spastic paral- 
ysis of the homolateral extremity preceded the contralateral 
anaesthesia for a long time." 

In one case an inflaniinatory process in the outer layer of 
the dura and in the epidural tissue was the cause of the accumu- 
lation of liquor. 
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OBSERVATION XIV, 4 

Pachymeningitis Externa. Recurrent Meningitia Serosa. After 
Tivo Laminectomies and the Removal of the Arches of 
Five Dorsal Vertebra:. Almost Complete Cure for a Year 
and a Half. 

In the case of a spinster, forty-five years of age, in whom the 
trouble lasted for three and a half years and developed under 
considerable fluctuations, //. Oppenheim diagnosed a morbid 
process that was gradually compressing the lower section of the 
thoracic cord from the left side, which he thought was in all 
probability a tumor. There existed spastic pareses in the lower 
extremities, especially in the left, which could be lifted frojn the 
fltKir only two inches. There was also hypertesthesia of the left 
foot and leg, therm-hypiesthesia on both sides and paralysis of 
the abdominal muscles on the left side. The abdominal-wall re- 
flexes were absent on botli sides, and there were also exaggerated 
as well as patliologic reflexes, pains in the sacrum and pareesthe- 
sias in the left region of the abdomen and groin, and disturb- 
ances of the bladder and rectum, which were accompanied with 
imperative tenesmus, Oppenheim was of the opinion that the 
process originated in the meninges, and that an intramedullary 
neoplasm was improbable. He also took into consideration a 
meningitis serosa circumscripta, but thought it improbable that 
such a condition alone should give rise to all these manifesta- 
tions. The highest level of the compression corresponded to the 
8th dorsal segment. He, therefore, advised to commence with 
laminectomy at the arch of the 7tli dorsal vertebra. Pressure 
on this spinous process was painful. 

I removed the 7th arch on the 2d of .Tune, 1909, and the ex- 
posed dura sliowed only sliglU respiratory but no cardiac jiulsa- 
tions. An accumulation of liquor made it fluctuating. Ex- 
tradural probing yielded no tangible points. The dura was 
tiierefore opened to a small extent and a stream of liquor was 
immediately evacuated. A longitudinal incision nf the dura ex- 
posed the normal-looking s]>inal cord, which pulsated visibly. 
After this, the extradural jirobing gave a positive result in so 
far that, inuuediately below tlie 8th arch, it met with obstruction, 
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which, however, when placing the probe in certain positions, 
passed it; probing above was free. 

The 8th arch was therefore removed with the laminectnnie 
and an extradural grayish-red mass was bnnight to view. Since 
tliis had the appearance of granulation tissue, the opening in 
the dura was carefully closed with an interrupted suture and 
the incision covered with vioform gauze. The friable pathologic 
tissue extended downward to a still greater <iistance and its 
lower Imiit was reached only after the removal of the 9tli arch. 
Thi.s extra<lural mass of tissue, which resembled a flat tumor, 
could not be lifted off the dura with a pair of dissecting forceps 
like epidural fat; it was so closely attached to it that it had to be 
removed with a pair of scissors. Immediate examination showed 
tlie specimen to consist of large adijiose tissue-cells traversed 
by uncommotiiy numerous bloodvessels. After hardening, the 
report of the findings from the Oppenheivi laboratory was as 
follows: "Low power magnifi cation shows the tissue to contain 
few nuclei. In some places the matrix is diffusely stained, fairly 
homogeneous and structureless, while in other places it shows 
more of a fibrillary structure. High power magnification dis- 
closes small lymphoid cells contained in a closely meshed fibril- 
lary net-work; there are also large adipose tissue cells and con- 
siderable places from which the fat has disappeared during the 
lixiviation of the specimen. In some places the matrix is of an 
oedematous character. Taking the picture as a whole, it does 
not impress one as being a neoplasm, but it speaks for an inflnni- 
inatory process in the outer layers of the dura covered with thick 
strata of adipose tissue." 

No changes were discovered on the bones. The tissue was 
split to the entire extent of the exposed field (72 mm.). Since 
no changes «'ere found in the spinal cord itself and extensive 
probing in an upward and downward direction did not meet witli 
any resistance, the dura \7as closed with three interrupted sutures 
and the wound closed over it in the usual manner. 

On the second and the fourth day the dressings had to he 
cJiauged on account of being saturated witli liquor. They re- 
mained dry thereafter until the twelfth day after the operation. 
On tlie evening of tliat day they were satin-ated again, and dur- 
.ing the change of the dressings a clear liquor was seen to trickle 
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from the middle portion of the imited incision. For three days 
the drainage of li(|Uor increased eonsiderahly in quantity, and 
four days later it grailually disappeared without any special 
measures directed to that end. The patient was diseliarged from 
the hospital three weeks after the operation with her wound 
closed. 

All clinical manifestations rapidly improved, so that twenty- 
six days after the operation the patient was ahle to stand alone 
and to walk through the room without any .support. Five weeks 
after the operation hardly any manifestations were complained 
of and she was able to retain her urine, although she had to evac- 
uate her Iiladder two or three times during the night. Slie was 
able to walk eunsiderable distances without a cane. Fnur months 
after the operation she paid us a visit and appeared in blooming 
health. At that time her main complaint was a certain hyper- 
Eesthesia of the bladder, compelling her to frequently evacuate 
it during the day and two or three times during the night. In 
the reclining position or when sitting this disturbance was not 
complained of. She also stated that vague pains in the back of 
the neck and a girdle sensation in the thorax were perceived by 
her from time to time, while her power of motility in the lower 
extremities had considerably improved. She was able to walk 
without a cane or any other support for twenty minutes, and the 
exaggerated reflexes and the spontaneous twitchings in the ex- 
tremities had almost completely disappeared. There existed, 
however, a slight hyper-sensitiveness in the left lower extremity 
and in the left inguinal region to contacts with the brush and 
pricks with the needle. 

Soon, however, new disturbances, more severe than before, 
set in. so that the patient was readmitted to the hospital on the 
8th of December, 1909 (six months after the operation). At 
that time she complained of weakness and rigidity in the lower 
extremities, more marked on the left side, and of pulling pains 
in the left abdominal and inguinal regions, weakness of the blad- 
der and rectum and para?sthesias in the left lower extremity. 

H. Oppcnheim'a examination disclosed hypertonia of both 
lower extremities, more marked in the left; spastic symptoms 
(BabijiJiki, ankle-clonus, Oppenheim), were also more marked 
on the left than on the right side. The power of motility of the 
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left lower extremity foiiipared with tlie examination two niontlis 
liefore had considerably decreased. The gait of the patient was 
spastic- paralytic, with marked dragging of the left lower ex- 
tremity. The abdominal muscnlatiire was very flaccid and 
atrophic, and no abdominal reflexes could be elicited. 

The temperature-sense was reduced hi the left lower ex- 
tremity. A zone in which the tactile sense and sense of pain 
were considerably reduced was found extending from the 5th 
to the 7th rib. A similar area was present on the outer surface 
of the left thigh and in the region of tlie left crest of the ilium, 
which was less marked on the right side. Under the right breast 
a hyper-sensitive zone to heat was present. The spinous process 
at the upper end of the sear of the operation was distinctly sen- 
sitive to pressure. 

According to Oppenheim, we were dealing with a morbid 
process at tlie level of the spinous process of the 3d and 4th 
tlioracic vertehrfe, possibly an accumulation of liquor or an 
analogous condition found at the first operation. 

Suice during a period of ol)servation of the disease extending 
over eight weeks, the symptoms, especially the subjective mani- 
festations, became worse, I performed a second laminectomy on 
the 29th of January, 1910. l^pon removal of the arches of tlie 
4th and .^th dorsal vertebra;, the very tense dura bulged into 
the wound witliout pulsations. After splitting the dura in a 
longitudinal direction and the evacuation of much clear liquor 
the spinal cord was distinctly pidsating. It was surrounded by - 
(edematous arachnoid which projected in the form of a cyst, 
synchronous with the pulsations. These conditions were un- 
doubtedly different from those found in neoplasmata. After 
the arachnoid was carefully torn with dissecting forceps, with- 
out causing the slightest injury to the cord itself, no more liipior 
accumulated in the field of operation, but at each pulsation a jet 
of cerebro-spinal fluid was evacuated from above. 

Intradural probing for a distance of 8 cm. above and below- 
showed no obstacles, and since the dura was over 4 em. widely 
open, no compression was present for a distance of about "20 cm. 
In contrast to the first operation, the dura now remained open 
aijont 1/4 cm. wide about the middle of the wound. Aftei- 
uniting the niuscnlattire and the faseije with interrupted eatgiit 



1070 Surgery of the Spinal Cord 

sutures, the skin in the wound, which was 12 em. long, was su- 
tured with silk. 

After the operation the motility progressively improved. Of 
the marked spastic symptoms of the lower extremities only the 
Babinski and Opjyenheim were found on the 12th of Februarj', 
1910. The hypertonia had completely regressed. The power 
in the lower extremities had improved progressively, and the 
right lower limb was moved normally and its coarse power was 
hardly reduced. While on the 1st of February the left lower 
extremity could not be lifted at all and on the 12th to a height 
of about a foot, on the 26th of Februarv it was .elevated to the 
same height as the right limb but with reduced power. Outside 
of a hypalgesic zone on the left side below the mammillary line no 
other disturbances of sensation could be demonstrated. The 
patient complained only of tensile pains in the left abdominal 
region and incontinence of the bladder. She was otherwise well. 

Reports dated the 18th of June, 1910, and the 1st of Janu- 
ary, 1911, showed that the improvement was steady. The pa- 
tient was able to take walks for considerable distances without 
support, and her general condition was only slightly interfered 
with bv the disturbances of the bladder. She visited me on the 
22d of August, 1911, the picture of health. She can walk for a 
half hour continually without a cane and witliout becoming fa- 
tigued, and she was also able to ascend stairs without effort. She 
was on her feet almost all dav and busv in the household, but her 
left foot still slightly dragged. The left lower extremity was 
somewhat sensitive to contacts. The disturbances of the bladder 
had considerably improved. The ])atient was able to retain the 
urine all night and when sitting. When walking she had to 
urinate about every hour in order to apj)ease the tenesmus. The 
vertebral column was moved freely and without pain. The pa- 
tient was able to busy lierself the whole forenoon in the garden 
with a couple of heavy sprinkling cans. 

In this instance we may justly assume that the inflammatory 
epidural granulations, the etiologj- of which remained obscure, 
caused the meningitis serosa. The recurrence may possibly be 
explained by the suturing of the wound of the dura after the 
first operation. This may possibly have occasioned an over- 
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atTiiimilatiun of liquor. Had the dura beefi permitted to remain 
open, us was done in the second operation, equaUzation of fluid 
conditions would have probably ensued. 



Extradural Neoplasmata as a Cause o( Chronic Meningitis 
Serosa Spinalis 

For this etiology the following case, observed together with 
Crold»cheider and Oppcnheim, oflFers a good example. 

OBSERVATION XIV, 5 

E-rfradural Ejrostasis of the Hodi/ of the Fourth Liimhar Ver- 
tebra Xi-ith Stagnation of Lhfiior. 

A man, fifty years of age. began to sufl'er from attacks of 
paroxysmal pains radiating iu the inguinal regions. Two 
months later his tendon phenomena of the lower extremities dis- 
ajjpeared. In spite of the fact that the symptoms were ex- 
tremely fluctuating, they pointed to a compression of the cauda 
equina. The excruciating pains and later on the manifestations 
of irritation in the region of the lumbo-sacral nerves indicated 
opening of the vertebral canal. After the arch of the 3d hnn- 
bar vertebra was removed the dura appeared of normal coloi. 
under strong tension and without pulsations. Aspiration evac- 
uated a large quantity of clear cerebro-spinal fluid. Despite tlie 
relief from tension, pulsations did not become visible. The arch 
of the 2d Itnnbar vertebra was therefore also removed. After 
this the dura bulged into the cleft of bone in the form of a fluc- 
tuating cj'st. After opening the dura mater in a longitudinal 
direction a large quantity of clear li(juor drained away under 
considerable pressure, filling the wound twice, after which jnil- 
sations recurred again. Intradural probing above and below to 
a distance of 8 cm. and to the right and left disclosed no obstruc- 
tion anywhere. Dissatisfied with these findings, I also removed 
the arch of the ith lumbar vertebra; this disclosed a flat, exos- 
tosislike osseous elevation In the vertebral canal in a circum- 
scribed area (Plate I^IV, Fig. a), which evidently ongiruited 
from the inner and lateral surface of the bodv of the 4th hmi- 
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bar vertebra. A carious process or neoplasm outside of the 
exostosis could not be found. After further splitting of the dura 
(Plate LIV, Fig. b), it was found that the osseous newfornia- 
tion was not sufficiently developed to cause considerable com- 
pression of the Cauda equina and tlie nerves issuing from it. It 
therefore became evident in this case also that the compression 
was due, at least in a great measure, to the tension of the fluid 
within the dura. The exposed cauda equina showed neither on 
the anterior nor on tlie posterior nerve roots any digression from 
the normal, and they were at no place of a gray color or red- 
dened. 

The stenosing section of the bone was now removed with the 
chisel, after which the incision of the dura and tlie soft parts 
were closed with sutures. Five days after the operation the pa- 
tellar reflexes could be distinctly elicited on both sides, and the 
cremaster reflex and the right Achilles tendon reflex were also 
positive. The radiating pains had disappeared, tests for dis- 
turbances of the sense of the lower extremities were negative. 
Despite the entirely afebrile post-operative course of the disease, 
the patient died ten days after the operation from an unknown 
cause. No symptoms of meningeal irritation Here present at 
any time. Since no permission was obtained to perform a post- 
mortem examination, nothing definite could be ascertained with 
reference to the anatomic causes. 

In the chapter on Cauda Equina a similar case lias been 
spoken of. In that instance, however, tiie cartilaginous neo- 
plasm springing from the body of the 3d lumbar vertebra was 
by far larger than in the case just described. At any rate, the 
main role with reference to compression was played in the first 
case also by the accumulation of liquor above the neoplasm. 

Intradural Inflammatory Processes as a Cause of Chronic 
Meningitis Serosa Spinalis 

In one particularly extraordinary case I have found inflam- 
matory changes of a .sensory root simultaneous with a circum- 
scribed collection of liquor. 
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OBSERVATIOX XIV, 6 

Inflammation of a Sensory Dorsal Root with Liquor Tension. 
After Laminectomy and Resection of the Root Almost 
Complete Cure for Two Years. 

The patient, thirty-two years of age, was referred to me by 
Professor M. Ldhr, with the following report: 

Venereal infection emphatically denied. The present trou- 
ble began in the beginning of Alay, 1909, with a sensation of 
itching along the back. While scratching himself the patient 
discovered (on the 20th of ilay) that his back was insensitive. 
A sense of burning gradually developed which was followed later 
on by pains in the right hip and on the extensor side of the right 
thigh; these were mainly complained of when the patient was 
lying. A sort of paralytic rigidity developed in the right lower 
extremitv. He attributed the occurrence of these manifesta- 
tions to a severe wetting he got a few weeks before, when he was 
riding a bicycle. 

Findings in the beginning of June, 1909 {M. Ldhr) : 

1. Root Manifestations. 

a) Painful parsesthesias, hyperaesthesia of the skin, slight tac- 
tile hypa?sthesia, decreased sensibility for pricks with the needle 
and differences of temperature along the spinal segments on the 
right side, D12, Li and in part Lo- 

b) Para?sthesias in segment D,, — Di», Lo — L3 on the right, 
occasionallv D,o and I^i on the left side. 

c) Slight weakness in the lower abdominal muscles with re- 
duction of the faradic and galvanic irritability on the right side 
as compared with the left (lower dorsal segments). 

d ) Absence of the abdominal reflexes (D,o — Di, ) , weakness 
of the cremaster reflex, stronger on the right than on the left 
side (L, — Lo). 

2. Disturbances of Conduction. 

a) Spastic pareses of the lower extremities, more marked 
on the right than on the left side, exaggerated tendon phenomena 
(on the right side occasional clonus), Babinski and Oppenheim 
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(occasionally on the right side), foot-reflex weak on the left side] 
also (lateral column especially on the right). 

b) In the beginning slight ataxia and disturbance in the., 
sense of position on the right side (right posterior column). 

c) Slight motor weakness of the bladder and obstinate con- 
stipation. 

d) Hyperidrosis of the right lower extremity and the lower 
abdominal region on the right side (decrease of the galvanic re- 
sistance of conduction ) . 

8. No Sensitiveness to Pressure Along the Vertebral Col- 
umn. No Fever. 

During the observation from the 5th to the 26th of June, 
1909, no improvement was noted with the exception that the dis- 
turbances of the bladder and rectum slightly regressed. In the 
last few days the tension in the right lower extremity became less 
marked. Tlie treatment consisted of rest, galvanization along 
the spine, and inunction of the back with gray ointment (alto- 
gether nine times ) . 

The diagnosis of jl/. Ldhr was as follows: Space-restricting 
process within the vertebral canal at the level of the segments 
Db — I^:i, perhaps onh' D,:. — L, (root in%'olvement Du — 
D|,), i.e., probably postero-laterally to the right. A benign in- 
tradural tumor is .suspected which causes manifestations of lo- 
calized compression of a circumscribed root area. 

The observation in the Augusta Hospital began on the 26th i 
of June, 1909. iJihr's findings were corroborated, and in the 
further course of the disease striking fluctuations in the symp- . 
tomatology were oliserved, so that sonic of the manifestations I 
were not as distinct as in the beginning and others iiad com- 
pletely disappeared. A sharply cirtTiinscril»ed marked hyperal- 
gesic zone was always to be found, however, on tlie right side. 
It embraced only tlie anterior side of tlie body and extended ex- 
actly to the median line: its upper and lower limits were hori- 
zontal. This zone extended above to at)ont the width of a hand 
below the umbilicus, an<i below it extended to the region l>e- 
tween the upper and middle third of tlie thigh (Dn-^I-i. per- 
haps I-:^). In the middle of this liyperalgesic zone, correspond- 
ing to the middle of the inguinal canal, a hypalgesic region was 
found which comprised an area of about two palms of a hand 
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(Du*, L,). The right lower abdoininal-wall reflex was absent, 
ami the creniaster reflex was less marked on the right side than 
on the left. At other times again, tlie highly hypersensitive 
region corresponding to Di^ and I-., extended to the back as far 
as the vertebral colunm. 

The motor weakness of the right lower extremity was cliaiige- 
able and the manifestations «-ith reference to the bladder and 
the reflexes, which were occasionally highly exaggerated on both 
sides and mainly showed pathologic conditions on the ri^ht side 
{Babinski and Oppenhdm dorsal), were also subject to clianges. 
Tlie serum reaction for hies was negative. 

Since the circumstances of the patient did not permit liiin to 
wait any longer, and in order to retain his position as a clcrgj'- 
maii, he insisted upon an operation, which was performed on the 
8th of July. 1909. After removing the arch of the lltii clorsal 
vertebra the picture typical of eirciimscribed meningitis serosa, 
due to liquor tension, presented. The non-pulsating dura mater 
bulged into the cieft in the form of a tensely filled cyst. Ex- 
tradural probing in an upward and downward direction was 
performed with ease, and it met with no obstructions. Tlie dura 
was ojieiied by a small incision and a stream of clear liquor 
projected; enlarging of the incision evacuated a large tiuantity 
of cerebro-spinal fluid. The exposed sj)inal cord presented on 
its i>osterior surface numerous markedly tortuous veins. Intra- 
dural probing in an upward and downward direction ivas free. 
After the arcli of the lOtli vertebra was taken away, inspection 
was still restricted and the spinous process of the 9th had to he 
removed. 

The spinal cord was lifted up with a couple of hlunl-|)fitiited 
forceps and its examination did nut disclose any peculiarities. 
The lOth dorsal-root on tlie right side, however, appeared con- 
siderably thickened and very mucli reddened, compared with the 
left root, and since it corresponded to the hyperiesthetic region 
it was decided to resect it to a considerable extent. It was there- 
fore seized with a pair of dissecting forceps, made tense cx- 
tradurally and divided close to its point of exit from the vertebral 
canal. A moderate venous liemorrhage followed, which was ar- 
rested with gauze compression. The root was now made tense 
intradurally. so that its divided end retracted through the open- 
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ing in the dura to the dural sac. It was finally seized with a 
pair of forceps dose to the spinal cord, carefully pulled upon 
until the anterior root came to view and then cut through dose 
to the cord. 

It was possible to probe the anterior surface of the spinal 
cord by carefully lifting it up with a blunt hook. In this sit- 
uation no obstruction upward and below was disclosed for a dis- 
tance of at least the length of a finger from the angles of the 
wound. The operation was therefore completed and the dura 
closed with three interrupted linen sutures. The length of the 
wound of the dura was 70 mm. The nmsculature and the skin 
were sutured without drainage. The wound healed per primam 
and only a very slight trickling of liquor continued from one of 
the suture-tracts for fifteen days. 

Immediately after the patient regained consciousness 
(twelve o'clock noon) the entire right lower extremity was found 
completely paralyzed; however, about six o'clock in the after- 
noon active movements of the toes of the right foot, but 
these alone, could be performed. Severe pains existed at the 
same time in the entire right lower extremity up to the inguinal 
flexure. After twenty-four more hours the ankle-joint could 
also be moved very extensively, while the knee- and hip- joints 
were still completely paralyzed. The sensibility in the right 
foot as liigli up as the calf was normal, but in the region of the 
quadriceps and at the flexure of tlie groin it was still reduced. 
Contacts witli the brusli over the patella were perceived as vio- 
lent pains and a space about the size of a half a dollar above 
l^oui)art\s Hfj^anient was still very painful to contacts. Kvery 
passive movement of the ri^lit lower extremity was still painful. 
The left lower extremity was normal with tlie exce])tion of spcm- 
taneous pains, which were even more intense^ in tliis Umb than hi 
the riglit. 

Tlie patellar- and Achilles tendon reHexes were absent on 
both sides. The ereniaster reflex and the v\<i;]\{ lower abdominal 
reflex were also wanting, liahinski and OppcnJicim were i)os- 
itive. 

On the following day a number of blebs of considerable size 
devel()])ed on the right gluteal region, which healed within four- 
teen days. Ischuria paradoxa followed the operation and a 
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"few days later the patient was able to void his urine after per- 
sistent effort. Kight days after the operation the patellar- and 
heel-reflexes could be elicited again, the right quadriceps began 
to fimctionate and the hyper-sensitiveness of the right knee be- 
came less. After five more days all movements of the lower ex- 
tremities, with the exception of flexion, extension, and adduction 
at the hip-joint, coidd be executed again. The tendon- 
periosteal reflexes of the left lower extremity were highly exag- 
gerated for a considerable period. 

At his discharge from the hospital (17th of August, 1909) 
no girdle sensation and no para?sthesias observed in the begin- 
ning of the disease were complained of, and the patient stated 
he had a certain sense of tension in the back and that the weight 
of the bedclothing on tlie right lower extremity was unpleasant. 
He could evacuate his bladder without effort. The joints of the 
right lower extremity, the mobility of which had still more ini- 
provedi persisted in a certain tension, and certain sjjastic mani- 
festations could still be demonstrated {Babinski, Oppenhciui, 
foot- and patellar-elonus ) . The right cremaster reflex was ab- 
sent and the lower abdominal-wall reflex could not be elicited on 
■either side. Slight sensory disturbances for point and blunt and 
for thermic qualities could be demonstrated in the right lower 
extremity. The tendon reflexes of the left lower extremity were 
exaggerated. 

An examination made three months later (November 15, 
1909) showed that the patient had improved to a greater degree. 
Pareses still existed in the right lower extremity, which, how- 
ever, were so slight that the patient was able to walk short dis- 
tances without effort. Spastic manifestations coidd stiJl be 
demonstrated in the right lower extremity. With the exception 
of a narrow 7x>ne in the flexure of the right groin, in which, point 
and blunt were interchanged, the sensibility was everj'where in- 
tact. The patient was in perfect health and complained oidy of 
slight parjEsthesias in the right thigh and hypenesthesias for con- 
tacts in the right knee-joint, in the right flexure of the groin, In 
the hypssthetic zone mentioned above and on the outer side of 
the left thigh. Later on, his health was restored to such a degree 
that from the 1st of April, 1910, he was actively engaged in the 
'exercise of his duties as a clergyman. At that time he was able 
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nee c eight miles without interruption. His sex~ 

[lint.!.; were restored. 

An examination of his nervous system ten months after the 
operation (7th of May, 1910) showed no marked differences. 
However, his right lower extremity had improved to such an 
extent that the patient was able to walk for an hour without 
fatigue and to perform his duties without inconvenience. The 
spastic manifestations, however, while very slight, could still be 
demonstrated. A letter dated the end of .Tidy, 1911, informs tis 
that the condition of the patient was still hetter. 

Since in my other cases of meningitis serosa I have never 
found any changes in the roots, we are justified in concluding 
that tiie inflammation of the 10th sensory root in this case was 
the cause of the accunudation of the liquor. The alternately in- 
creasing and regressing tension of liquor causes characteristic 
morbid manifestations. 

Accumulation of Liquor In Intradural Neoplasmata 

In almost all cases of intradural neoplasm I have invariably 
observed a greater or less accumulation of liquor cerebro-spinalis 
above the tumor. As far as the operation for tumors is con- 
cerned, this occurrence is importatit for the reason that a tense 
cyst is in a certain sense also a tumor, as for instance in hy- 
drocele, also for the reason that its presence in the spinal cord 
may cause all the manifestations produced by a solid tumor. 

A fact of still greater importance is tlint the existing collec- 
tion of liijuor may occasionally mask tlie presence of an intra- 
medullary neoplasm, and that after the operation, during which 
perhaps no pathologic changes were discovered on the cord, a 
great part of the manifestations may disappear for a considerable 
period. Tlie following ease from tiic practice of I'rofcssur Op- 
pcnheim and Dr. Plac^ck illustrates such a condition. 

OBSKUVATION XIV, 7 

Intraincdiillnrif Neoplasm (?). 

A woman, fifty-three years of age. observed in 1903 an in- 
creasing weakness mainly in the right arm and to a lesser ex- *t 
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tent ill the riglit lower L-.vtreniity; piauo-pljiyiiig with the right 
hand was impossible. Pains oecurred sinuiltaneously, which I)e- 
gaii in the upper section of the thoracic portion of the verteliral 
cohnnn and radiated to the right shoulder. In tlie beginning of 
Xoveniber, 1905, the 1st to 4tb interosseous spaces and the hall 
of the little finger of the right hand were distinctly atrophic, and 
the inward movement of the right thimih powerless. The sen- 
sibility was everywhere intact. The skin in the lower region of 
the neck down to the 2d rib was considerably reddened and hy- 
persensitive. 

The right lower extremity was markedly paretic; Bahimh't 
positive. The vertebra proniinens was sensitive to the touch. A 
space-restricting process in the vertebral canal at the level of 
the 8th cervical and the 1st dorsal segments was suspected. 

Tjanuiieetomy was performed on tiie 15th of November, 
190j. and the removal of the arches of the 7th and then the (ith 
and jth cervical vertebra disclosed considerable tensio7i of the 
<hira without pulsations. Puncturing the dura ejected a high 
stream of licpior, and the free exposure of ttie spinal cord showed 
it pulsatuig and perfectly normal in appearance. After remov- 
ing the arch of the 1st dorsal vertebra and correspondingly pro- 
longing the hicLsion in the dura, the arachnoid showed jellylike 
changes and a violet-red color; it bulged into the wound in the 
form of a eyst (compare Plate I-I^'. Fig. c), but no solid tonior 
was found. 

Careful probing in an upward and downward direction tncl 
witli no obstacles, and the ai>dominal position of the patient, witli 
deep-hanging head to the front, permitted thorough inspecti(ni 
of the canal of the dura in all directions, during which nothing 
of a pathologic nature was visible. 

According to these findings we were dealing with a nicniii- 
gitis serosa ex araclinitide chronica with compression of espe- 
cially the 8th cervical segment. The incision of the dura, meas- 
uring 75 mm., was closed by two linen sutures, and the wound 
united in the usual manner. 

Two days after the operation considerable improvement in 
the movements of the right lower cxtreinitv was observed, which 
rapidly became more marked- while in the hand and fingers no. 
progress was demonstrable. 



I. the patient was able to stand and walk 
z «-heii supported. While the improvement 
n w it, nevertheless, progressed. In the beginning of 
.„J7 she could walk through the room wlien led by both arms 
Her general condition was excellent and tlie power of her ritrht 
lower extremity was about the same as that of the left. She 
complained of no pains whatever. Both arms were freely mov- 
able and of ecpial power in the shoulder-, elbow- and "Tist-joints 

The atrophy of the interosseous spaces and the ball of the 
Jittle linger of the right hand remained in the same condition as 
before, hut did not get worse. Oculo-pupiUarj- s>-mptoms did 
not exist. 

Soon thereafter, however, disturbances of the niobUitv of 
the arms and lower extremities gradually develojied again, n-hich 
pointetl to a new compression in the middle and lower portions 
of the cervical enlargement of the right side. In June, 1907 
H. Oppenhcim examined the patient, and the progressive symp^ 
toms, together with the findings at that examination, caused him 
to concKide that there existed a slow-growing intramediUlarv 
neoplasm. The patient died at her home in April, 1908, and \ 
regret that no autopsy could be performed. 

^\Tiile in this instance anatomic proof is lacking, the clinical 
findings permit the assumption of the gradual development of 
a slowly growing intraniedidlary neoplasm with a certain degree 
of probability, which was evidently accompanied in the beginning 
of the trouble with a circumscribed serous meningitis that gave 
rise to an accentiiati(«i of the symptoms which dominated the 
clinical picture. After removing the liquor tension by the oper- 
ation a striking improvement set in. that continued for a year, 
after which the manifestations gradually recurred and caused 
the death of the patient. However, in spite of this experience, 
an assnimption of intramedidlar}- neoplasm in ever>' case of 
chrwiic meningitis semsa is not justifiable. 

Dufnosis of Meningitis Spmalis Chronica 

AVhile numermis observations with reference to the cltntcal 
pictiuv of this condition have been made in the last years, a grest 
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many points need elucidation. Up to this time we are Imrdly 
in a position to make a diagnosis between it and solid neoplas- 
niata. Jlomley gives, in the work mentioned before, a few dif- 
ferential i)oints. He says that in t-ircnmseribed serous menin- 
ffitis the initial pains extend over greater areas, while those of 
iieoplasniata of the spinal cord are in most instances limited to 
a region of a certain nerve root. For instance, hyperesthesia of 
an entire extremity is never observed in eases of tumor, in which 
instance there is either a distinct hyperiesthetic zone at the upper 
limit of the anfesthetic region or such a zone which corresponds 
to the nerves or to the nerve roots affected by the tumor. If the 
fayperjpsthesia embraces large territories, an entire scries of 
nerve roots or their segments nnist he in a state of irritation. 
The extent and distribution of the hypera-sthesia can, therefore, 
be made use of in the differential <liugnosis. Furthermore, tac- 
tile anaisthesia is not complete, although it extends over large 
regions, while the para[degia may be developed to a considerable 
degree. 

However, all these iM)ints are not characteristic. In our 
cases at any rate, no differential diagnosis was successful, he- 
cause the clinical manifestations do not differ from those of 
neoplasm. It is especially noteworthy that in ca.ses of meningitis 
serosa in which the accunndation of liquor, although limited to a 
certain level (therefore exercising its deleterious influences on 
an entire cross-section of the cord), will principally point to an 
exclusive compression of one-half of tlie cord by the existing 
symptoms of Hrown-Sequard's unilateral lesion. 

According to our experiences one fact may be utilized for 
arriving at a probable diagnosis of serous meningitis, and that is 
the striking fluctuations in the symptoms. For instance, the skin 
and tendon phenomena may now be absent and soon return. The 
pains are subject to considerable changes. The power in the 
lower extremities is at times so good that the patient is able to 
walk, and at otlier times again the pareses may render hini en- 
tirely helpless. The sensibility frequently presents great fluctua- 
tions, especially in the varion.s sensory (pialities found at different 
times. For an example, the striking change in tlic senses of 
temperature and pain may be accompanied with a constant re- 
duction of the sense for contacts with the brush. However, all 
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s are not of sufficient consequence, because they are also 
obsen' I in instances of solitJ neoplasniata. 

Meningeal symptoms of irritation arc more cbaracteristic 
when observe<l in places distant from the morbid process proper 
and when preceding its development for a long time, viz.: violent 
(K'cipital pain or pains in the baek of the neck in suspected neo- 
plasm of the dorsal portion. These pains, which were very aimov- 
ing for a period of three years in one of our patients (eonipare 
Observation XV. 1. p. ] 104). show a meningeal irritation of great 
extent. (Kcasioned by a chronic intlammatory process, as a rule 
not observed in instances of tumor. A jmint of differential value 
from such symptoms of irritation in neoplasmata of the cervical 
|)ortion of the cord may be found in the pains in the lateral re- 
gions of the nei'k which must lie looked upon as ri>ot syiiiptoiiis 
(compare Observation XIII. 2. p. tOll). In neoplasmata of 
the deeper sections of the spinal cord the diagnosis is not so dif- 
ticult. 

It has been jHiinted out in our discussion that liquor tensioit 
alKJve intradural tumors may lead to an erroneous diagnosis with 
R'fereni-e to the level of the nuirhid focus. Accumulations of 
liquor in abnormal quantities and under high tension within the 
sac of dura also cKTur in chronic intlammatory' processes or 
induration of the spiiial membranes ami may. in an anaI(^;ous 
manner, cause suspicion of compression at a higher level. 

Now the question presents itself, may lumbar puncture help 
us in making a correct diagnosis? I nuist answer: Xo. The 
following example may bear me out. 

OBSKKVATIOX XIV. 8 

Tniiimii ax (I CdUHc. 

A man fell with his bicycle and sustaineil a ctwitusion of the 
cenncal portion of the vertebral column. He was under obsei^ 
vation for a niuuber nf niontlis and developed all manifestations 
of compression of the i-onl. A number of lumbar puiicttires 
were made by the physicians who were observing him and by my- 
self at the time he was admittetl to our hospital. The punctures 
showed no abnormal pressure. Continuation of the very severe 
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symptoms caused me to remove the ardies of tlie 2d, 3d and 4tii 
■cen'ical vertebra;, during which an abuoniial tension of Hquor 
was disfovered when the fluid was evacuated upon incising the 
dura. After this, pulsations set in and the licjuor drained only 
from the cerebral end of the incision of the dura and not from its 
caudal section. The pia appeared uneiianjjed. After this pro- 
cedure the patient was cured and the manifestations of paralysis 
disappeared. I .saw him two years later. He was tlien free from 
disturbances, and disappeared from under my observation. 

It may be argued here that, perhaps, puncture at the level of 
the supposed seat of the trouble could have cleared the diagnosis. 
In non-suppurative processes we may puncture, of course, and 
under such circumstances the accunudation of liquor may be dis- 
covered. As I have pointed out above, in almost all neoplasiiiata 
of the spinal cord I have operated upon, such accumulations of 
liquor tension were found above the neoplasm and hi a few cases 
I have also found it to exist to quite a decided degree below the 
tumor. T!ie projection of the liquor in a stream is not a diag- 
nostic criterion whether a tumor exists or not. 

The etiology of tliese cases has thus far been ascribed to 
Syphdis. tidjercnlous granulations and injuries, and, according 
to Horslei/. also to gonorrhoea. By making cross-sections of the 
spinal cord, this author has furthermore demonstrated in one in- 
stance the existence of sclerotic changes wliich began below and 
extended in an upward direction. The ascending degeneration 
had aflFected one side more than the other. In this particular in- 
stance the t-ondition was quite an advanced one. In another case 
of Horsley, after the wound liealed, the patient died of syptii- 
litic myocarditis and the cord was foimd flattened and showed a 
circumscribed peripheral sclero-gliosis, which affected sympa- 
thetically all cohmms to tlie cervical portion of the cord. 

The spinal cord subjected to excessive pressure from liquor 
must, in the first place, sufi'er changes of an ischemic nature. It 
later shows tedematous infiltration, and its conductivity is thereby 
severely damaged. 

With reference to treatment* I nuist say that since, ac- 
cording to my experiences, spontaneous regression does not take 
place, laminectomy is the method of choice. In non-supptu-a- 
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ra mater should be opened. This is much the 
. up to the present tiiite. we possess no other 
id lUi in the differentiation of nieninsitis se- 
:x ara hnitide chronica (or call the affection what- 
e*'er y<iti may e) from tumors of the spina] cord. 

Contrarj' to the practice in extirpations of neopUsniata the 
int'iiiion into the dura should in these cases not be sutured but 
the niuscnlature and overlying fasciie should he united with bur- 
ied catj^it sutures. The excessive discharge of liquor may if the 
case he so treated, fitid its way from the sae of dura into the 
larKc woiirnl cavity and there he absorbed. 

Ilorsleif believes that iriany cases of so-called acute nivehtis 
are in all probability r>f real nicningeal origin. Laminectomy 
and free drainage of the subdural space may. therefore, halt 
the entrre process in these instances and obviate the serious con- 
sequences following it. This question is of great importance be- 
cause, if we reflect for a moment over what lias been said above 
it will at once !)ecoine apparent that a new field is opened here for 
surgical intervention in a class of cases which thus far have been 
extremely difficult to manage. An example follows. 

OltSKltVATlON XIV. 9 

J/.,,/»r/oj.//r////.v o/ //,r 7V».r«nV Cord .dih Spindle-Shaped 
S.rlln,,. Slujh, l>.j,.rnr,„n>, after LaJiuectomy. ^ 

,uui i.ui ai"„vs ;„i.,v,..i K I, "f;;- "'"' ""^;;' i'™"'"' buna 

,-'.i,.. , I. ,„,■ .■ . .^"-' "curalgic iiiiins in the lower sec- 
later 
icnsations 

...■l-..,.c. «-,.^ ,1. . . ""*''' '" "'I- I'lidiUc of Febnifl 

wt'akiK'ss "as olKtTvcd in il 

inainlv Muu.ilVst «!„.„ .1, ' ''" '""" ""•''""'>' "•'"'^'' """s 

i„vv.-i','. At 111,- ,.,1,1 „r ,' i'"','"'"' ""■' »■"'"'"'■' °" "^ "* '"» 

„u.'.n,tin« » lu.is,-. „,„! „','";■ '"■ >-""l'' ""' ""■ '"^ •'■'" '»<" in 
ra,l.- ,.f th.' war f,.sliv„l „V",'T '""''" ""' l''"-""P-'"'^ '" ""o P"" 
tlK- S,l of AuKiust |1„, „i,l '"'''''■'■ ""'I I-"-""" "■"'= """""l- On 

tlicj Iv,.,,,^. i,^.„ii„.a j„ iH,tl, knees. VThen. 
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, ,1 .pi ; "^' iUiccti'i the right hip and 1 

Oh, both. lbis«Hsnec(min,iiii,.,i -.i r ■ . i 
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walking the patient stumbled (mainly with his right lower ex-' 
tremity), but he was able to readi the bed wlieti supported by the 
physician. On tlie evening of the 2d of August catheterization 
became necessary for the first time. 

On the following day the sense of position of both feet had 
disappeared and a day later (4th of August) diminished sensa- 
tion was demonstrated on the outer side of the right lower ex- 
tremity and hypertesthesia on its inner surface. On the evening- 
of the -tth of August the same conditions were found in the left 
lower extremity. On the 5th the patient complained of very 
violent radiating pains in ijoth hips and feet, especially when 
changing his position. On the «tii the right lower extremity 
was completely paralyzed, but sensation was retained to a slight 
degree. On the left lower extremity only the toes were actively 
movable. In the evening, only the first three of these showed 
slight active mobility and tlie entire left extremity was, like tlie 
right, completely paralyzed. Pricks with the needle were per-" 
ceived as a sense of pressure on the inner surfaces of lioth lower- 
extremities, while, generally speaking, there was aniesthesia. 

Since the 2d of August the bladder, and since the 4th the 
sphincter ani were completely paralyzed. On the 7th, girdle 
pains were complained of at the level of the umbilicus, aTid on tiic 
afternoon of that day very violent attacks of pain in the back 
and sacrum. On the 10th, superficial decubitus was found on 
the gluteals. For a long time the patient was addicted to large 
doses of morphin. An inunction cure (3.0 daily) was instituted 
in the beginning of August. 

I examined the patient at his home on the 15th of August. 
A complete flaccid paraplegia of bol'i lower extremities, paraly- 
sis of the abdominal muscles and of the sphincter vesicie et anI 
were found. There was also a total aniesthesia, wliich extended 
to the median line in front between the umbilicus and symphysis 
pubis, and posteriorly to the spinous process of the 2d lumbar 
vertebra. The reflexes were entirely extinguished, with the ex- 
ception that in the left foot the Bechtereia-M endel reflex couhf 
he elicited, and on the 12th of August a very slight response was 
found by tapping the left knee. 

As I shall explain more fully in the epicrisis. T suspected an 
interrupted condtietimi in the spinal cord at the level of the arch 
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tebra which may be due to an inflaniniatorv 
Alt a consultation with Oppenkeim on the 20th of 
August he expressed liis views as follows: 

"The paraplegia was preceded for a long time by pains and 
paretic manifestations. This does not correspond to the picture 
of primary disease of the spinal cord I>iit to a morbid process 
springing from the meninges or the vertebra; most likely spe- 
cific. Tlie excruciating pains at the onset of the disease speak 
for vertebral trouble (caries or tumor), yet no deformity what- 
ever is to be found nor is there any sensitiveness to pressure. 
Furthermore it is very uncoininon for caries or tumor of the 
vertebral column to develoj) in such an acute and severe form. 
Even in tumors springing from the meninges rapid development 
of paralytic manifestations and the symptomatology, pointing 
to a total interruption of conduction, is an unusually rare occur- 
rence. 

"The nature of the trouble is, therefore, indistinct and prob- 
lematical. The severity of the disease and its resistance to auti- 
syphilitic treatment indicate exploratory laminectomy, especially 
for the reason that the affection apparently springs from the 
surroundings and not from tlie cord itself. 

"y\t what level should the laminectomy be performed? D,„ 
falls into the region of total anaesthesia; Du is surely participat- 
ing and probably also D,,,: this explains the absence of the lower 
abdominal reflex. Itemoval of the arches of tlie 9th (maybe the 
8th) and 10th dorsal vertebra- should tlierefore be carried out. 
Our recent experietices suggest that it would, perhaps, be best 
to commence with D-, in this instance." 

The operation was i)erformcd on the 21st of September, 1909, 
in the presence of //. Opjiciihciw. The anicstbetic used was 
chloroform. The arch of the 9th dorsal vertebra was removed 
first and tiic spinous process of the 8th was also taken away, be- 
cause it prevented inspection on account of its iibli<|ue course. 
Absolutely no pulsations were noticeable on the dura, and ex- 
tradural jirobing met with no obstacles in any direction. The 
arch of the 10th vertebra was removed next and the dura split 
lengthwise. A great t|uaritity of liquor was evacuated. Con- 
siderable venous hemorrhage ensued when the borders of the in- 
cision of the dura were retracted; this was due to the tearing 
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•of isolated adhesions of the arachnoid. The cord disclosed a 
spindle-shaped swelling, which was equal on both sides and which 
completely filled the entire cleft of the bone. The slightest con- 
tact of the cord with sponges at once caused considerable hemor- 
rhage from the dilated arachnoid veins. A small median strip 
of the spinal cord showed a normal yellowish appearance, while 
its lateral portions were of a grayish-blue hue and presented on 
the surface a jellylike appearance. A circumscribed neoj)lasm 
did not exist. Even after the existing arachnoid-adhesions were 
in part removed, the COrd did not pulsate. Careful probing 
upward, downward, posteriorly, laterally, and also to the an- 
terior surface of the cord disclosed no obstruction. 

In order to keep up the decompression and enhance the drain- 
age of the accumulated liquor, the dura was not sutured. The 
musculature was united with two buried catgut sutures and the 
skin closed over it by an exact suture of the skin. No drainage. 

Three days after the operation the patellar reflex could be 
distinctly elicited on the right side, and on the left it was only 
slightly present ; the same was true with reference to the Oppen" 
heim reflex. Stroking of the skin of the thigh on the right side 
elicited a weak contraction of the quadriceps, and on the left 
outward rotation. The skin- and periosteal-reflexes soon became 
stronger, so that on the 9th of September they were very lively 
on both lower extremities and considerably exaggerated as com- 
pared with the normal. The patient left for his home on the 
25th of September, on which day the reflex irritability of the 
lower extremities became so marked that simple stroking on any 
part of the skin caused not only elicitation of reflexes but move- 
ments and, occasionallv, also contractions of the musculature of 
the thigh. The patellar reflexes were very exaggerated. Of 
pathologic responses only the Oppenheim phenomenon was 
present to a marked degree. 

On the day of the discharge of the patient from under our 
care the sensibility had improved. Contacts with the brush wcfre 
perceived in the inguinal regions indistinctly, and at a distance 
of about two or three fingers higher they were felt well. While 
for contacts with the point of the needle and the brush the lower 
extremities were totally anaesthetic, the inguinal regions per- 
•ceived contacts with the point as a blow, and three fingers higher. 
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to sit up alune, and was rolled about in a wlieel-chair in the gar- 
den. Under the influence of the iodides sensation returned in 
the entire riglit lower extremity and on the inner surface of the 
left lower limb to about the middle of the thigh (end of 1909). 
He now felt the introduction of a rectal tube. 

A report from his physieian, dated August 22, 1911, speaks 
of a tolerable condition. With the exception of a slight active 
mobility of the toes, a spastic paraplegia was present. The in- 
tolerable pains in the back and sacrinn had improved to such an 
extent that the patient expressed satisfaction and was able to 
be out without inconvenience. Bladder and rectum continued as 
before. 

Following the attacks of severe pains, which recurred after 
a longer interval and after a slight paresis of the left foot that 
persisted for a nimibej- of months, excruciating pahis devel- 
oped within a few days (acute onset) again; this was followed 
by a complete paralysis of the lower half of the body — a circum- 
stance that conclusively spoke against tumor originating from 
the meninges. Considerable rises of evening temperature were 
present, however. On the evening of the 1st of August, for in- 
stance, it was 38.6° C. (taken by axilla), and catheterization was 
resorted to for the first time on the evening of the 2d of August. 
Since the vertebral colinnn appeared perfectly normal, I thought 
of an inflammatory process about the meninges. The exuda- 
tion into the sac of the dura, or. perhaps involvement of the 
spinal cord itself gave rise to a paraplegia. Xotbing spoke for 
syphilis, and a course of immctions was useless. The diagnosis 
was. therefore, doubtful. Oppenheim also entertained this view. 
The rapid progress of the disease indicated immediate lami- 
nectomy. 

^ The operation disclosed the inflammatorj' nature of the 
trouble. The adhesions of the arachnoid, the marked turgidity of 
The vessels, causing hemorrhage at every contact, and the abnor- 
mal accunuilation of liquor spoke for a participation of the soft 
membranes. The cord itself was also inflamed, as shown by its 
peculiar spindle-shaped, swollen appearance. Increased thickness, 
the lack of pulsation consequent thereto and its change In color, 
'i'he decompression following the opening of the dura had a 



i ;nce. The excruciating pains vanisliea 
, Lio : use of niorphin was abandoned by tlie patient. The 
par; SIS of the sphincters disappeared and the anesthetic 
regions decreased in extent. The extraordinary exaggeration of 
the reflexes of the lower extremities was not to be looked upon, as 
this observation teaches, as a favorable symptom for the return 
of active mobility. 
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Observation XIV, 9, has broug'ht iis to a discussion of tlils 
form of the disease because, despite the development of the 
trouble, that lasted a number of montlis, the manifestations in 
that particular instance were of such character that they must 
necessarily be looked upon rather as an acute tlian a chronic dis- 
ease. However, its etiology remained entirely unknown. Besides 
the chronic form of paralysis of the spinal cord, of which we were 
speaking up to this time, we have to contend with an acute or 
subacute phase of the disease which is occasioned by suppurative- 
necrotic osseous processes in the vertebral canal. The analogy 
of the latter form is found in the so-called meningitis serosa 
cerebralis spoken of by otologists. 

Since I have observed a similar disease on the vertebral col- 
umn and spinal cord, a thorough description of the following ob- 
servation seems to me indispensable. 



OBSERVATION XIV. 10 

Suppurative, Necrotic Processes nf the Arch of the Fifth Cervi- 
cal Vertebra, icith Secondari/ Meningitis Serosa Acuta. 
Cure Folloxcing Lamineetoiuy of the Third to Sixth 
Arches. 

A merchant, tliirty-two years of age, was the victim of an 
assault on the .5th of June. 1005. Wc shall not speak of the 
numerous injuries he sustainetl at that time, because they have 
been described in the chapter on "Cerebral Abscesses" ((Obser- 
vation X, 3, p. 8.52). It is suiRcient for us to note at the pres- 
ent time that a bullet from a revolver liad injured the cervical 
portion of the vertebral column and the spinal cord at the level 
of the 5th and Gth spinous processes on the right side. Brown- 
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Scquard's paralysis resulted, which, however, was not complete, 
and we conchided thai the cord was injured about the level of the 
6th cervical segment. 

The patient arrived in Berlin on the 10th of September, 
1905. and was under the treatment of //. Oppenhetm and my- 
self. At that time his general condition was satisfactory and he 
was able to walk about supported by a cane. The nmseles of 
the entire right arm, including those of the shoulder-blade, were 
atrophic, and the triceps and the extensors of the forearm were 
mainly affected. This, of course, caused diminished faradic ir- 
ritability on the right side as compared with the left. Similarly, 
but to a lesser degree, the musculature of tlie right lower ex- 
tremity was atrophic as compared with that of the other side. 
There was a slight contracture of the right biceps. The reflexes 
were exaggerated on the right arm and on the right lower ex- 
tremity. The examination of the sensation showed normal con- 
ditions on the right half of the body, with the exception of the 
musculature of the calf, which was hypersensitive to pressure. 
From the sternal angle and in both extremities of the left side 
the trunk showed a slight diminution of the sense of pain and 
a distinct decrease of tlierm-icsthesia, while tactile sense was 
normal. 

In spite of the satisfactory general condition of the patient, 
slight rises of temperatiu'c would occur now and then, and the 
frequency of his pulse was at times markedly increased, indica- 
ting the development of a focal disease. 

Occasionally the manifestations pointed to an irritation of 
the cervical cord. For instance, on the 15th of October indi- 
vidual twitchings of the riglit arm and lower extremity were 
observed, which were repeated in the f<iIlowing days and then 
disappeared. During that time the patient was suffering much 
from erections and pollutions. To these, excruciating pains were 
added, which begun in the shoulders aTid radiated to tlie back 
of the neck and both u])per extremities. Up to that time the pa- 
tient was able to walk about the room when supported by the sis- 
ter, but later he was unable tn leave his bed on account of ex- 
treme loss of power in the right lower limb, which, after a few 
steps, was unable to suj)p()rt the weight of the body. 

While these threatening symptoms were fluctuating nj) and 




Fig. a. 
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down, the general condition of the patient began to suffer and his 
appetite and sleep were jwor. In the beginning of November 
a slight swelling in the back of the neck was observed, which 
originated in the scar of the incision (the bullet was removed at 
his home), in tlie region from the 2d to 0th spinous processes of 
the cer%'ical vertebra;. Even deep pressure was not perceived by 
the patient in this place, but pressing upon the right side of the 
cervical vertebrse caused pain. The movements of the neck were 
free, with the exception that the patient was unable to bring his 
ebin to his chest to the same degree as before. It whs evident that 
Me were dealing with a process in the cervical portion of the ver- 
tebral column, in which the posterior roots of the cervical cord 
participated. Taking into consideration the occasional nocturnal 
rises of temperature to 38° C, and on the 1st of Xovemljer even 
to 38.4° C. and the fact that the morning temperatures were sub- 
normal (occasionally 36.2" C), we concluded that the process 
was one of deep-seated suppuration in the vicinity of the old 
bullet-wound (5tb cervical vertebra). 

On the 2d of November the power of both lower extremities 
had suffered considerably. While the patient was able to lift 
his left foot to a height of two feet, and the movements of that 
foot and toes were considerable, he was unable to lift bis right 
heel from the bed-sheet, and the movements of the foot and toes 
of the right lower extremity were minimal, the movements of 
the leg weak and extension fairly jMtwerful. The knce-pbenoni- 
enon was weak on the left side ami on the right alHint normal. 
Babinski present on the left and three days later distinct on the 
right. The tests for sensation disclosed a hyperalgesia for pricks 
with the needle on the right thigh and the sole of the right foot; 
passing contacts on the left lower extremity with the cold test- 
tube sliowed no perception of cold. Flexion of the right fore- 
arm showed diminished power; pronation was better than supi- 
nation, but incomplete. Opposition of the thumb was absent and 
flexion of the terminal phalanges was verj- weak. AlKluction and 
outward rotation of the arm could not be executed. Xo para- 
lytic manifestations were demonstrable in the region of the 
phrenic. 

On the .'ith of November the evening temperature was 39° C. 
and the pulse rose to 120 beats per minute. Since the general 
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condition of the patient became rapidly worse, I exposed on the 
6th of November the spinous processes of the 4th, 5th, and 6th 
cerv^ical vertebrae by a longitudinal incision through the old scar. 
At the point where I separated the musculature from the angle 
between the spinous processes and the vertebral arches, V/2 to 
2 tablespoonfuls of a thick, creamy, odorless pus came to view 
at the level of the 5th arch on the right side ( see Plate L V, Fig. 
a). Four splinters of bone were found in it, which represented 
the right half of the arch of the 5th cervical vertebra shattered 
by the bullet and a semispherical cup of cartilage — evidently the 
cartilaginous covering of one of the articular processes. The 
5th spinous process was mainly retained. As a result of the ab- 
sence of half of the arch and the adjoining portion of the inter- 
vertebral disc, the dura lay exposed to an extent of a digit at the 
level of the 5th cervical vertebra on the right laterally to the 
median line; it was covered with pus and showed no pulsations. 
After careful evacuation of the abscess cavity and thorough 
cleansing, especially in the region of the dura mater, removing 
every portion that might exert pressure upon the cord, the most 
important indication had been met with and the operation was 
hurriedly concluded — on account of the collapsed condition of 
the patient — by tamponing the large wound-cavity with vioform 
gauze. 

Four days later the temperature and, on the following day, 
I the pulse also became normal and remained in that condition for 

fourteen days. The further result of the operation was the com- 
plete disappearance of the shooting pains in the shoulders and 
arms, and the spontaneous twitchings of the right arm and lower 
extremity recurred no more. After a transitory aggravation of 
the condition of mobility of the left lower extremity in the first 
two days after the operation, while the right lower extremity and 
both arms remained unaffected, the power of both extremities 
distinctly, but slowly, improved after the third day. The rapid 
onset of symptoms of exhaustion during the examinations was 
striking. 

Twenty days after the operation the right leg could be ex- 
tended with force, the thigh adducted and rotated inward, while 
movements of the foot and toes were still absent. These, as well 
as the movements of the hip and extension of the leg, were pow-^ 
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erfiil on the left side. The knee- phenomena were normal on botli 
sides, liabiiislii absent. The active mobility of the right arm 
was better and executed with greater power than before the 
operation. The sole of the right foot was hyperalgesic, and the 
musculature of tlie right calf very sensitive to pressure. Tliere 
existed, as before, diminished sensation to cold. With reference 
to the condition of the woimd, it was at that time granulating 
favorably, and distinct pidsations of the dura mater which was 
covered with healthy granulations were seen in its depth. 

However, this favorable condition did not last. Two days 
later (28th of November), the active mobility of the lower ex- 
tremities was weaker, and the knee-phenomenon could be elicited 
indistinctly on tlie right and on the left side. There was reten- 
tion of urine after twenty-four hours, while, until that time, the 
patient evacuated his bladder without effort two or three times 
daily. The sensibility as well as the sense of position were the 
same as before. 

Despite the healthy appearance of the wound, the tempera- 
lure showed slight rises, and the pulse increased in frequency to 
108 beats per minute. Everything pointed to a new process in 
the region of the cervical cord, which strongly influenced its con- 
ductivity. On the 3d of December the right lower extremity 
showed a complete and on the left an almost total paralysis. In 
tiie latter, only a weak, active flexion of the hip and still weaker 
extension of the knee joint were possible. The reflexes were en- 
tirely extinguished in the right lower extremity and on the left 
of all reflexes only a slight indication of liabinski was present. 
Hurry during the operation was, therefore, responsible for this 
condition. In order to relieve the cervical cord, I was compelled 
to expose the dural sac once more, but tliis time to a grciiter 
extent. I waited four weeks, during wliich time the condition 
of the patient improved to such an extent that I was able to 
operate again. 

On the 4th of December the cicatrizing wound was enlarged 
longitudinally to the extent of a few centimetres above and below 
and the arches of the 4th, .5th. and 6th cervical vertebrte were 
completely exposed by detaching the musculature (see Plate 
I^V, Fig. b). It was now seen that the left half of the arch and 
a part of the spinous process of the 5tb cervical vertebra wcie 



lie right half (the place of wliieh was filled 
u.aj was present. This portion of the arch was of a 
yellow color and evidently necrotic, but even the left half 
ol the arch was also abnormal, of a greenish -yellow hue, and the 
right halves of the exposed 4th and 6th arches were also changed 
similarly. In the .substance of the bone of all of these affected 
arches numerous millet-seed sized, yellow, dry and necrotic spots 
were found interspersed. It was also striking to note that the 
depth of the wound was constantly bathed in a fluid only on the 
right side, wiiile the left remained dry. 

The remnants of the :>th and the entire arches of the 4th and 
6th vertebrie were now removed close to their articulation. The 
inner surfaces of the left half of the i>th and the right half of the 
4th and 6th arches were covered with these small necrotic spots. 
However, no granulation tissue nor pus was found between the 
arches and the dura. The exposed dura was covered with flat 
granulations at the point corresponding to the .'ith arch, after the 
removal of which the dura was found markedly infiltrated with 
pus and so discolored that we apjirebended a beginning necrosis 
(Plate I-VI. I-'ig. c). Had this been true, the patient would 
have undoubtedly succumbed t() a purulent meningitis. Fortu- 
nately, however, the dura recovered in the further course of the 
di.sease. Springing from this changed area, pm-ulent infiltra- 
tions and red spots were seen extending upward and downward 
on the right side into tlic cleft of the bone to a considerable ex- 
tent. Ai the lower jKirtion tlicse elianges ceased close below the 
Tipjier margin of the removed 6th arch, and they extended so far 
above that I was compelled to remove the arch of the 3d cervical 
vertebra in order to find normal conditions. This extensive ex- 
posure of the dura Mas successful in bringing to view small areas 
of normal-looking dura at both angles of tlie wound. 

The following most peculiar conditions (see Plate LVI, Fig. 
c) were found upon the exposed sac of dura to an extent of 
ly^ cm. Its form was distinctly spindle-shaped, with the great- 
est point of enlargement corresponding to the defect in the arch 
of the .5th vertebra, bulging especially toward its right side. At 
this point, and for a distance of about 2 cm. upward and down- 
ward, it was very tense and did not show a trace of pulsation, not 
even during the entire further course of the operation, which 
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lasted at least an hour. Only the last centimetre of the upper 
angle of the wound showed distinct pulsations, which were also 
barely perceptihle at the lower section of the wound. The pal- 
pating finger discovered everywhere considerable fluctuation, but 
no accumulation of liquor. 

In order to make sure that there existed no suppurative-ne- 
crotic process on the anterior surface of the dura, between it and 
the bodies of the vertebrae, I investigated it with two half- pointed, 
curved elevators from right to left in such a manner that both 
instnunents met in front and the sac of dura was lifted some- 
what outward. This manceuvre was carried out on two places 
above and below the suppurative infiltration extending to the 
right, the lateral limits of which could not be reached even after 
total removal of the arelies. The sac of dura was easily de- 
tached, and from its anterior surface only a slight quantity of 
fluid was drained ofi'. 

Since the suppvn-ative infiltration extended toward the right 
side to the base of the removed arches, and in order not to over- 
look any focus that might, perchance, be liidden. the periosteum 
and soft tissues on the right side were detached from the trans- 
verse processes until the nerve trunks issuing from the interver- 
tebral foramina were exposed to an extent of about 3 mm. 
Nothing pathologic was. found. 

At the conclusion of the operation the marked tension within 
the sac of dura had somewhat decreased and the pulsations 
were not changed to any degree. The entire wound was tam- 
poned with iodoform gauze. 

The course after the operation was nearly afebrile (a few 
evenings 38° C. ) , and the frequency of the pulse decreased within 
five days from 124 beats to about 88 to 9() beats per minute, and 
after fi%'e more days to 7fi to 84; at the same time it became 
fuller. Despite the extreme weakness of the patient, the move- 
ments of the arm and of the left lower extremity were not aggra- 
vated after the operation. The patient had to he catheterized 
only on the evening after the operation. On the first few days 
he urinated spontaneously only once a day. and after the 10th of 
December this act could be accomplished twice daily and without 
diffictdty, and from the *26th of December on, occasionally also 
three times a day. Even in the further course of the disease dis- 
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were ol ;rved in this respect; for instance, on the 17th 

lanuary and on the 12th and 19th of February, retention took 
place, lasting from twenty-two to twenty-five hours. 

The first improvement in the movements were observed sixty 
hours after the operation and the patient was able to rotate his 
rif^ht lower extremity inward to a very slight degree; up to that 
time it lay flaccidly inmiobile in outward rotation. On the fol- 
lowing day I was able to elicit the patellar reflex on the left side, 
and on the 10th of December a trace of it was discovered on the 
riglit side, but at this time it disappeared from the left again. 
At the change of dressings on the 12th of December the dura 
showed pulsations in the entire extent of the wound with the ex- 
ception of a small place on the right side, i.e., the site of the puru- 
lent infiltrations. The pulsations in this place were slight, but 
healthy granulations appeared to develop. Palpation showed the 
dura to be everywhere of the same soft consistency. 

In order not to make the description of this case too lengthy, 
I will omit the detailed report of the gradual return of the re- 
flexes and the active movements. 1 will say, however, that they 
recurred very slowly and imder great fluctuations, and that 
exhaustion soon set in during the examinations. 

Four weeks after the operation the entire wovmd-cavity was 
in a healthy granulating condition, and at the borders of the 
wound cicatrization iiegan {Plate lAT. Fig. d). In this state 
of affairs the wound would hardly heal, for there existed, as in 
cases after sequestrotomy in the femur, a cavity, in the great 
depth of which tlie dura, covered witli sparse granulations here 
and tliere, lay exposed in the form of a blue cord (see Fig. 175). 
In the further course of cicatrization the epidermis would have 
grown on to the dura mater, which woidd not protect it in the 
least from insidts of various sorts, and the patient would be in 
constant jeopardy of developing a meningitis upon the slightest 
injury. I therefore fresliened the borders of the wound on the 
2d of January. 1900. undermined the soft tissues laterally and 
united it over the dura mater in a number of layers. Healing 
resulted without any disturbance, and the scar, measuring 18 
cm., extended upward to the border of the hairs (see Fig. 176). 

On the 7th of January the patient was able for the first time 
to lift his left heel from the bed-sheet when in a lying position 
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to a slight degree, and he was also able to rotate his right lower 
extremity inward and outward. 

On the 9th he was able, when in a sitting position, to elevate 
his left leg and bring it into a position of extension and the right 
one to an angle of forty-five degrees. He had been unable to do 
this for a number of months. He was also able to flex the left 
foot dorsalward. while with the other foot he could not accom- 
I>lish these movements and in which tliere still existed a total 
paralysis of the extensors; the latter was only noticeable of late. 



Schematic Trans vt 



B<!ginnine eifiderrniuiiiun ot the deep ffmnaliitiaff wound PATily 

The knee reflex was present on both sides, and on the left side 
the Oppenheim reflex was slightly present and the Babinski 
phenomenon was distinct. On the 23d, Oppenheim could be 
elicited on the right side also, and, a few days preceding, the toes 
of the right foot could be moved actively to a limited degree. On 
the 28th of January the patient undertook to stand up for the 
first time, and when supported on both sides he was successful. 

On the 0th of February. 1906, he departed for home. The 
movements of his neck were free and without pain, and he was 
able to sit up in a chair, mornings and afternoons, for an hour. 
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ept his head free. He was of jovial mood, 

I oeeanie considerably stronger. On the 3d of 

rch ne was able to stand up for the first time unsupported, 

but for a few seconds only. Toward the end of that month he 

could walk through the rooiii Mlien led by his sister. At 




same time his lower extremity recuperated tc such an extent that, 
when in dorsal deeuliitus. he could elevate it high with an ex- 
tended knee. The peroneal group was at that time still paretic. 
In May, 1{)06, the general condition of tlie patient was ex- 
cellent and he was able to walk 100 steps in succession. The 
exhaustion was due to the weak coiiditiou of his lower extremi- 
ties, hut he wanted to sit down because the erect position of the 
head caused him unpleasant sensations. Gradually, however, all 
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the functions which were interfered with by the incomplete 
Broum-Sequard'a paralysis were restored to an extent as be- 
fore the serous meningitis resulted in an almost complete inter- 
ruption of condiietion. In tlie Fall of 1907 the patient could 
walk with the aid of a cane, and he was perfectly free from dis- 
turbances, in blfHiming health and mentally very active. 

On Christiuiis. 19(>7, he wrote me a long letter, in whicli lie 
informed me of his satisfactory condition. This continued un- 
til November, U)08, at which time his physician wrote that fe- 
brile manifestations had appeared, which were diagnosed as in- 
fluenza. In January, 1909, two attacks of aphasia set in, which 
were accompanied with violent jiains in the left eye. About the 
end of March the symptoms pointed to a cerebral abscess, the 
temperature became elevated, and the patient died on the 4th 
of April, 1909, with an aggravation of all symptoms. No post- 
mortem examination was made. All indications, however, 
pointed to a flaring up of suppurative processes within the 
cranium, which were subdued at my first operation on the 8th 
of July, 1905, and which have evidently at this time culminated 
in a cerebral abscess. Physicians treating hmi at that time ad- 
vised an operation, which the patient or his relatives declined. 

The paralysis found at that stage of the disease of the spinal 
cord during which the operation was performed (on the ith of 
December, 1905), was caused by a meningitis serosa. This, again, 
was occasioned by tlie suppurative-necrotic osseous process on 
the arches of the vertebra'. The continuous dribbling of the 
oedematons fluid from the depth of the wound during the opera- 
tion, limited to the right side, was analogous to the serous men- 
ingitis observed in suppurative conditions of the ear, in whicli the 
inflammatory oedema is brought about by extension from the 
suppurative changes in the dura mater. The peculiarity in this 
respect was the limitation of the intradural accumulation of fluid 
under high tension, principally in the region of the diseased 
arches of the vertebra?, especially on the right side at the level of 
the .'ith. The change was so distinct that the artist, sketching 
during the operation, was able to retain it in the picture, 

The operation further disclosed the fact that despite the 
rapid appearance of manifestations of severe compression of the 



-spinal cord, no extradural process restricting the space within the 
vertebral canal was found. At the first operation (6th of No- 
vember) I found a quantity of pus deep below the tense, soft 
tissues, and immediately upon the dura, wliich could have un- 
doubtedly caused compression of the cord. After complete evac- 
uation, however, the manifestations of compression disappeared, 
to recur in a more aggravated extent after the twenty-second 
day following the operation. 

At the second operation (4th of December) the analogous 
findings could in no way have been brought about by the ac- 
cumulation of granidation tissue. The severe damage to the cord 
was produced by substances exclusively within the dura, as shown 
by the high tension of the dura and by the absence of pulsa- 
tions. It was no doubt a liquid, as disclosed by the presence of 
fluctuations. I dared not puncture on the same day for fear that 
the septic conditions of the operation field might invite infec- 
tion of the soft coverings of the spinal cord, which would bring 
the patient into danger. Puncture of the dura was performed 
after the cliange of dressings following the action of iodoform 
gauze for three days. It was then punctured in two places, and 
liquor cerebro-spinalis of a watery color slowly dribbled away. 
Intradural pressure had considerably lessened within three days, 
and the sac appeared more fiaceid and was pulsating in its entire 
extent. 

The irregular affection of the various tracts was a remarkable 
fact in this case. The sensibility, includuig the joint-sense, was 
not reduced, and the nuisculaturc of the right calf even hyper- 
sensitive to pressure; the decreased sensibility for thermic stimuli 
of the left lower extremity was undoubtedly brought about by 
the old Broti-n-Si'fjuard paralysis. The ability to move the right 
lower limb was totally, and that of the left almost completely, 
extinguished, aud the reflexes had disappeared. 
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Indurations of the Spinal Cord (Meningitis 
Fibrosa Chronica) 

The affection uf tlie t-ervical portion of the spinal cord has 
for a long time l)een known under tlie name, eoined by Charcot, 
pachymeningitis cervlcalis hypertrophica. The older 

authors designated it meningomyeiitis cervicails chron- 

ica^ and recent observers also prefer this mime.' while the 
spinal cord itself is usually affected in the form of isolated foci 
and diffuse iiiHaminatory processes. Of the spinal membranes, 
not only the dura alone is involved, but the soft coverings as well 
suffer; in some cases even to a greater extent than the former. 
Up to the present time this disease is of no surgical interest. I 
must mention it. however, for the reason that in four cases in 
which the diagnosis of an intradural space-restricting process or 
a neoplasm of the spinal membranes was made, and in another 
(fifth) doubtful instance (see Observation XV, 4, p. ll'il) 
changes were foutid wliich in certain respects resembled those 
observed in pachymeningitis hypertrophica cervicalis. 

All of my observations concerned the thoracic cord. The nor- 
mally separated condition of the membranes was obliterated and 
they were fused into one indurated mass, and the arachnoid spaces 
in the diseased portions had mainly disappeared. A firm fibrous 
induration, a few millimetres thick, adhered to the substance of 
the spinal cord, whieh could not be blimtly detached from it. and, 
in order to separate it, cutting instruments had to be used, dur- 
ing which crepitation of the hard masses was audible. In one 
of my operations I also found that in isolated places of tlie af- 
fected region the anterior surface of the resected arches of the 
vertebra; and the ligamenta intcreruralia (flava) were closely 
united with the induration, so that it was not always possible to 

' J. M. WUting, Zicghr't "BeitraKe aiir patholoRUchen Anatomic." Vol. XIX. 
p. 207. 
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levator between the two and that the arches 
liecenieal with the rongeur forceps, 
patieiit-s died twelve hours after the operation from 
bilateral pneumonia and the post-mortem examination made by 
Professor Oestreick disclosed the exact conditions. 



OBSERVATIOX XV, 1 

Diagnosis of Probable Extra nieduUan/ Tumor of the SiiVth or 
Seventh Thoracic Vertebra. The Operation Disclosed a 
Firm Induration United with the Spinal Cord. 

The patient was a girl, twenty-three years of age, in whom 
K. Mendel ' and //. Oppenheim made a diagnosis of probable 
extraniedullary neoplasm seated on the left side at the level of 
the (Jth or 7th thoracic vertebra. This was not found during the 
operation, but in its stead a firm fibrous induration. closely united 
with the spinal cord. Apparently normal conditions were found 
above and below it only after the removal of the arches of from 
the 4tli to 9th vertebra?. The altered dura was split longitudi- 
nally in the median line and separated from the widely opened 
vertebral canal. It was closely united with the cord and with 
the inner surface of the arches. 

The indurated transformation of the membranes of the spinal 
cord extended upward to tlie lower l)nrder nf the arch of the 5th 
dorsal vertebra and. from tiiat point on, the dura showed a 
normal appearance with tlie exception that at the level of the 
5th arcii it looked as if constricted. On the 7th arch granulations 
were still visible in the induration which ended below, above the 
upper border of the arch of tlic Dth dorsal vertebra, so that its 
entire length was iHi mm. It Mas much more developed on the 
left than on tlic right side, and its greatest thickness, which cor- 
responded tfi the tith arch, was about fi mm. 

The post-mortem examination showed tiie dura to be adherent 
to the entire field of the o])eration and sides of the spinal cord 
from which it coidd not he detached bluntly, while in the front 

■ Compare Kjtrt Mendel, Menineomyelitis unter dem Bilde eities Ruckenmarks- 
tumors. '■ Berl. klin. Wochenschr. " 1909. Uo. 50. 
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it was somewhat thickciieti but detachable in the usual manner. 
Above tlie portion exposed by the operation it appeared thick- 
ened to the Icuf^h of 1 cm. on the posterior surface and it could 
be bluntly detached. The morbid process therefore was princi- 
pally limited to a circumscribed area at the posterior section. 

The total removal of the spinal cord, together with the dura, 
was easily accomplished, and no union was discovered between 
it and the bones. Specific changes (tuberculosis, syphilis, osteo- 
myelitis, etc.) were also absent. Section of the bodies of the 
vertebra; showed perfectly normal conditions, and the periosteum 
was also unchanged. No tuberculosis was found in the internal 
organs. 

Microscopic examination of the removed tissues showed thcin 
to consist principally of fibrous make-up, poor in nuclei (indu- 
ration } . In some places yoiuig granulation tissue, rich in cellular 
elements with isolated aggregations of mononuclear small round- 
cells and larger ones with pale nuclei were seen. No tubercle, 
giant-cells, or necroses were present. Kxaniinution for tubercle- 
bacilli was negative. There were also no changes in the blood- 
vessels and no tumor-tissue. 

Professor Oesirekh was of the opinion that the induration 
does not possess a specific character. However, tuberculosis 
could not be entirely excluded. 

In my other cases the severe paralyses of the spinal cord were 
shown by the operation to be occasioned by compression exer- 
cised by the firm indurations affecting dura, arachnoid, and pia 
alike. The substance of the spinal cord suffers as a consequence 
of the pressure exercised by the contraction of the connective- 
tissue mass. In certain places we have even found constrictions 
that were evidently due to cicatricial contraction. The clinical 
manifestations have, therefore, resembled in many respects tli()se 
of intra vertebral neoplasmata and even experienced diagnosti- 
cians, who have referred the patients to me for operation, were 
forced to make a probable <iiagnosis of tumor from the symptoms 
presented. 

However, the spinal cord does not only suffer from the pres- 
sure alone, but the morltid process in the form of fibrous new- 
formations extends even into Its substance, as I have seen it occur 



in two operations. In one case {Observation XV, 2) a focus of 
softening was opened in the posterior region of the spinal cord, 
while ill another instance (Observation XV, 3) a sort of cyst- 
formation was discovered. 

In the above-mentioned patient, who died of pneumonia, the 
spinal cord was examined microscopically by Mcusrs. BielschoiC' 
sky and K. Mcndcl. The severe inflammation of the spinal mem- 
branes continued deeply into the substance of the cord (menin- 
gomyelitis). The process extended in an upward direction, 
gradually decreasing to the level of the 4th dorsal segment. All 
membranes in the diseased area were transformed into a firni, 
thick induration which in some places measured about 1 em. in 
thickness. Between the connective-tissue strands of the pia 
mater and within the meshes of the arachnoid, islands of granu- 
lation tissue, poor in vessels, were present to a greater or less 
extent, which showed in some regions a marked tendency to the 
formation of fibrous intercellular substance. Transverse section 
of the spinal cord at a point corresponding to the greatest inflam- 
mation showed it to he very oedematous. Marked proliferation 
of the endothelial cells of the vessels were found in manv places. 
Giant-cells were entirely absent and real tumor-tissue could be 
foimd nowhere. 

With reference to the nature of the inflammatory process, 
tuberculosis could be excluded. However, there exists a great 
suspicion that the process was of a syphilitic nature. This view 
was supported by the characteristic changes in the vessels and the 
marked development of fibrous tissue at the peripheral zones 
within the regions of granulation. A positive diagnosis of the 
specific nature of the process could Tiot be made, even after micro- 
scopic examination. 

Operative exposure always showed the normal pulsations of 
the dura to have disappeared, and in no case were they visible to 
the naked eye. In most instatices they could not be felt with 
the finger. (This was successful only once.) In two instances 
accumulation of liquor was found above the induration. This 
was responsible for tlie marked fluctuations in the symptomatol- 
ogy, especially in ascertaining the upper level of the disease 
which rendered a diagnosis extremely difficult. 
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Since we were dealing with a chroiiie iiiHuiiimatory process, 
it would be natural to assume that the patients would conipiain 
of local pains. Percussion of the vertebral column or pressure 
upon the spinous processes, Iiowever, was perceived as painful 
in only one of our cases. The movements of the trunk were al- 
ways free to all sides, and there was no gibbus. In one case 
tiie vertebral column was found scoliotic wlien the patient was 
standing. This was due to the fact that he supported himself 
exclusively on the non-paralyzed lower extremity and by so do- 
ing brought the trunk into that position. 

Lues, tuberculosis, and chronic osteomyelitis may be men- 
tioned as etiologic factors. In one case (Observation XV, 
3) a secreting fistula wtiieli led to the 10th rib rendered an as- 
sumption of tuberculous disease justifiable. However, the bones 
of tile vertebral column iiave always been found sound or, at any 
rate, not much affected at the time of the operation. 

Treatment of Meningitis Fibrosa 

The induration should be split in its entire length at tlie 
operation on the diseased dura mater and entirely removed 
wliercvcr possible; for it restricts the space in the vertebral canal 
like a tumor and constricts the spinal cord. It is best to split it 
with a knife in the median line after its upper and lower limits 
have been freely exposed and after it has been lifted slightly ii])- 
ward by grasping it with rat-tooth forceps. My experiences 
teach me that careful dissection, dividing layer after layer, and 
rioting the difference in consistency of the structures divided, will 
prevent the danger of injuring the soft cord. In some places, 
especially at the point of transition from the altered to the normal 
dura above and below, tlie induration is found to be divided from 
the cord by a few drops of liquor and in some Instances (in two 
of our eases) an abnormal accumulation of cerebro-spinal Huid 
at the upper end was present. The thickness of the induration is 
variable at the different levels of the morbid process. 

Splitting of the induration alone is, in my opinion, insufficient. 
Its extirpation exposes the tissues we wish to examine, discloses 
constriction of the cord, if present, and permits the attack of foci 
of softening and cyst- format ions when found. I have abandoned 
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litting in only one case — the first one I have 

servation XV, 4), and this was done on ac- 

i. ui extraordinary extent of the aflfection (covering seven 

vertebral arches) and on account of the extreme weakness of the 

patient. 

We now proceed from the median incision to dissect the dis- 
eased membranes from the cord in the form of two long strips, 
which is accomplislied in some places bluntly and in others with 
the knife. The excision laterally must be as extensive as the 
total resection of the vertebral arches will permit. The indu- 
ration ia not only recognized by its firm consistency but its brown- 
ish-yellow or reddish color, and at times also its white cicatricial 
nature will help to distinguish it from the light-yellow color of 
the cord. 

The attempt to introduce a fine probe between the induration 
and the spinal cord, and to split the former upon it, is to be con- 
dennied. The fact tliat there exists in most places firm union be- 
tween these structures, the introduction of the sound and even the 
most careful palpation with it, may caiise the probe to easily enter 
the soft substance of the cord and give rise to severe injuries. Of 
course, occasionally, we may he successful in this practice, as in 
one of my cases (Observation XV, 2} I was able to introduce a 
delicate probe on the sides of the induration in the space between 
it and the spinal cord, and to divide it; hut in this case a normal 
strip of dura mater, laterally to it. was visible. 

In one of tlie autopsies referred to above, the dura was in- 
volved princijJally in its posterior extent. Sliould the indu- 
ration extend to the front of tlie cord, we, of course, will limit 
ourselves to tlie excision of that portion posteriorly made acces- 
sible by laminectomy. Tlie spinal cord will then have room to 
avoid the constricting' pressuie. jVfter eouipleted operation it 
is covered by the sutured musculature uf tlie back, and the space 
is rendered wider by tlic removal of the iirehes and the spinous 
processes, and is much greater tiian normally. The anterior por- 
tion of the dura can only he readied by lifting the cord up- 
ward, and the eradication of the iiinrbid ])ri)cess occasioned by 
indurations would be Iiy far more difficult than even the removal 
of a circumscribed neoplasm in this particular anatomic locality. 
I was successful in siK'h extirpations twice by carefully disjilacing 
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the cord and by the removal of three thoracic arches (compare 
Observation XVII, 1, p. lUO). 

A fact I have observed in one of my cases, which I consider 
of importance, is, that a longitudinal incision into tlie cord made 
exactly in the posterior commissure will, if carefully executed, 
not necessarily be followed by serious disturbances. 

Prognosis 

The morbid manifestations occasioned by pach^-menin^itis 
hypertrophica are not always improved by an operation, and in 
one case (compare Obsen'ation XV, 3) it was followed by an 
innnediate aggravation. In other cases again, the sensory dis- 
turbances completely disappeared, while the spasms and paral- 
yses were only slightly changed; and in still another case the 
motility improved to a considerable degree. However, the na- 
ture of the disease does not pennit us to expect a permanent cure, 
and the improvements noticed in the beginning are not always 
lasting, for it has been shown above that the cord itself partici- 
pates in the chronic inflammatory processes. This has been es- 
tablished with certainty in Mfiidcl'>i findings. Furthermore, dur- 
ing one operation I found a focus of softening and, at another 
time, a cystic degeneration witliin the substance of the cord. 
Consequently, wc must not entertain hopes of complete cures 
hut be satisfied if we get improvement in the condition of the 
patient. 

In this respect also neoplasmata of the membranes of the 
spinal cord are fortunately entirely different from indurations. 
Intradural tumors originate, in the majority of instances, from 
the inner surface of the dura or from the arachnoid; they do not 
become adherent to the spinal cord; they injure it by increasing 
pressure. In these cases, as pointed out by the various observa- 
tions, I was successful in seeing complete restoration even in cases 
of severest paralysis of the lower half of the body, and also where 
the upper extremities have become involved. 

To illustrate the rarity and limited knowledge of these condi- 
tions, I will cite three of my obser\"ations. 
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OBSERVATION XV, 2 



Manifestations of Intravertebral Tumor-Formation. Indura- 
tion of the Cord Corresponding from the Sixth to the Eighth 
Arches of the Dorsal Vertebnc. Improvement Continuing 
for Tta) Yfnrn FoUotdnt/ Excision and Opening of an In- 
tramedullary Focujs of Softening. 

A w(»inaii, fif'ty-otit years of age, began to suffer, one and a 
half years prior to t-oniing under our observation, with a girdle 
sensation and pulling pains in the region of the coccyx, which 
was followed by tlie same sensations in the lower extremities, ta 
whicli a sense of numbness developed in both feet. Six months 
later, standing and walking were impossible. Spasmodic twitch- 
ings were observed in the, left lower extremity, and urination 
eould only be aecomplished with extreme effort and pressure of 
the ab<lominal wall. A girdle-form sense of tetision was also 
complained of in the region of the imibilicus. 

Gcheimrat Ziehen made a diagnosis of an intravertebral neo- 
plasm-formation, the seat of which {intra- or extra-medullary) 
eould not be ascertained. 

AVhen the patient was admitted to the Augusta Hospital 
(August 30, 1007). a spastic paraplegia and bilateral reduction 
of tlie sensibility for all qualities was found on tlie left side an- 
teriorly to about 3 cm. above tlie areh of the ribs and posteriorly 
to the angle of the scapula; on the right anteriorly to the 0th rib, 
and posteriorly to the 12tb. 

Xo other organs showed pathologic findings. A slightly red- 
dish sear Mas found below the right breast, in the centre of which 
a small tistultjus opening was diseernil)le, into which no prol>e 
could be introduced. The patient gave a histon,- that at the age 
of seven she fell from a chair and injured some of her ribs. At 
tlie jHiint of injury an abscess developed, from wliich a few pieces 
of bone suppurated away. The opening was closed, but opened 
again about a year ago. The vertebral cohnnn was not at all 
sensitive. 

On account of tlie disturl>ances of motility and sensibility I 
suspected a space-restricting process within the vertebral canal 
at the level of the 7th dorsal segment. The operation was per- 



a cliill. Iii^h temperature, violent pains and a herpes zoster of 
the left lower thoracic and upper abdominal regioTi, correspond- 
ing exactly to the direction of the ribs, persisting from two to 
three weeks. In August a similar eruption appeared in the 
right lower region of the chest, while the abdomen on that side 
remained unaffected. Soon thereafter, retention of urine de- 
veloped, which continued for twelve days, and the sensibility in 
the feet and legs as well as in the anal region was nuich re- 
duced. This was accompanied with a paralysis of the toes on 
the right, which developed within a period of eight days. He 
WHS subjected to an inunction cure, and about October, 1905, all 
these manifestations regressed, with the exception of a furry sen- 
iiation, which persisted in the sole of the right foot. 

With reference to the etiology, tlie patient emphatically de- 
nied syphilitic infection. In 1899, however, he suffered from 
an ulcer on the left forearm, which healed only after the applica- 
tion of bichloride compresses; the scar looked like that of a 
furuncle. A Wmnermann test made in 1908 was negative. 

In August, 1900, the patient observed a paresis in the ex- 
tensors (if the left foot while walking, and noticed that he became 
easily fatigued in the entire left lower extremity. The dis- 
turbances of sensibility of the sole of the right foot became at 
that time aggravated. Another immction cure brought no re- 
sults. In the course of the year 1907 the motor weakness of 
the left lower extremity and the disturbances of sensation of 
the right increased. In December a weakness of the abdominal 
musculature of the left side was observed, and the sensibility of 
the right lower extremity up to the gluteal region was decreased. 
At that time the patient was imable to keep in the erect posi- 
tion without extreme effort, and when attempting to walk, tonic 
spasms appeared in both lower extremities, which disappeared 
only after a few steps. The vertebral column from the scapulic 
down to the sacrum I»ecanie sensitive, and the patient occasionally 
perceived spontaneous pain in these places. 

The skin reflexes were exaggerated to .such an extent that 
even the slightest contact with the bedclothes was sufficient to 
evoke spasms of both lower extremities and the musculature of 
the lower portion of the trimk. 

In .Tanuary. 1908, a third, very energetic immction cure was 
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des were administered. Tliis resulted in a 
arked manifestations of irritation, and the 
ty were changed for the better under fan^^ 
pa ^s, carbonic acid, and iodide baths. 

In the beginning of April, 1908, the patient consulted Pro- 
fessoT V. W ag7icr-J auregg and Professor Itcdlich. of Vienna, 
who made a diagnosis of probable extraniedullary tumor of the 
left side of the upper thoracic cord and referred the patient to 
me for operation. 

My examinations showed a hyperiesthetic zone for contacts 
with the brush and needle, which extended posteriorly from the 
spinous process of tlie 6th to 9th vertebra;, and in the front from 
the lower border of the 1th to 7th rib, i.e., on the right side to 
the anterior and on the left to the posterior axillary line. Hy- 
peresthesia was more distinct on the right side than on the left. 
Above this hypera'sthetic band, measuring about four fingers, a 
number of isolated places of total aniesthesia were found on the 
right side. From the spinous process of the 9th thoracic vertebra 
in the back and from the 7th rib in the front down to the gluteal 
region and inguinal flexure, a reduced sensibility for contacts 
with tlie brush and pricks was found on the left side, and on the 
right total aniesthesia and analgesia were demonstrated in places. 
Tliere was also a distinct hypsesthesia and hypalgesia on the 
outer surface of the left thigli and leg; the anal region was also 
hypajsthetic. There was also complete anicstlicsia and anal- 
gesia on the outer surface of the thigh on the right side and in the 
region of the 1st and "id hunbar segments. In all hypa;sthetic 
regions the sense of localization was also disturbed. 

Tlie sense of temperature, beginning from the nipples in 
front and from the <ith spinous process in the back downward, 
was much reduced, and on the riglit side it was entirely extin- 
ginshed. On the right lower extremity it was considerably dis- 
turbed. 

With reference to the motility, a marked reduction of power 
was observed in all movements of the right lower extremity. On 
the left the ileopsoas was very weak, the flexors of the knee 
paralyzed, «'hile the quadriceps fnnctioTiated well. Inward and 
outward rotation of the thigh were strongly interfered with, and 
the movements of the ankle-joint as well as dorsal flexion were 



i 




Indurations of the Spinal Cord 



I 



very slight, so that a pes equinus position developed. The active 
movements of the left lower extremity (flexion of the hip and 
knee) were somewhat hetter. To bring the trunk in the erect 
position when the patient was lying down, was effected with ex- 
treme diificulty without support of tlie arms. The abdominal 
nmsculature on the left side was strongly paretic. 

The tonus of the joints was normal in the right lower extrem- 
ity, while before hypertonia is said to have existed. In the left 
limb there was abnoniial tension in the hip and hypotonia of the 
knee and ankle joint. The abdominal-wall and cremaster re- 
flexes were absent, and the patellar reflexes were exaggerated to 
a point of clonus, which was also present in the left Achilles 
tendon. Oppenheim and Babiuski signs present on both sides. 

The patient was able to ach-ance a few steps wlien strongly 
supported on the left side, during which he braced himself on 
the right lower limb so that a scoliotic curvature resulted, espe- 
cially at the level between the .5th to 8th thoracic vertebra. Tlie 
spinous processes of these vertebrffi and the arches were soisitive 
to the touch. 

The evacuation of the bladder was disturbed to the extent of 
compelling the patient to at once satisfy his desire to urinate, 
lest spontaneous evacuation of the bladder would ensue {impera- 
tive incontinence. — liruns). 

The main complaint of the patient consisted of a continuous 
pulling pain in the lower portion of the thorax. 

Repeated examinations caused me to suspect the region of 
iflc 5th dorsal segment as the point of compression of the cord 
and I therefore thought best to begin to operate on the arch nf 
the 4th dorsal vertebra. 

Laminectomy was ptfrformed on the 19th of April, 111(18. 
ihe arches of the -Hh to 8fh thoracic vertebra; had to be removed 
in order to expose the lower end of the morbid condition. .\t 
the level of the 4th and '>th arches the dura, which to all external 
appearances wa.s not changed, was found very tense, like in men- 
ingitis serosa chronica, and after incisuig it a con.siderable tuian- 
tity of liquor drained away. The liquor tension was in this in- 
stance combined with the actual morbid process, so that the seat 
of the latter was suspected two arches higher. We have had a 
similar experience in a case of neoplasm of the spinal membranes. 
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uiges were found in the region of the arches 
til thoracic vertebrje. The dura in tliis situation 
was thickened, without pulsation or fluctuation, but not much 
changed on its posterior surface. 

After incising, the arachnoid space appeared empty — not a 
drop of liquor drained from it. At the upper portion of the 
exposed region numerous yellowish-red, and in the lower por- 
tion pure, cicatricial and fibrous strands stretched between the 
inner surface of the dura and the spinal cord (see Plate I^VIII, 
Fig. a). In order to afford ample room for the constricted or- 
gan, the entire induration was split lengthwise and detaclied 
from the cord; below, normal conditions were found to a height 
of about y^ cm. During the separation of the induration a 
cystlike cavity was opened at the level of about the arch of the 
6th thoracic vertebra; it extended into the posterior section of 
the spinal substance and contained a clear watery fluid (see 
Plate lA""!!!, Fig. b). As much as possible was excised from 
the induration, and the musculature and skin were finally 
sutured. 

The microscopic examination made by Professor Oestreich 
showed the following findings: Incisions made into various por- 
tions of the dura showed similar changes, with the exception 
that in some places they were more marked than in others. There 
were foci of sniatl-celled infiltrations, situated around the ves- 
sels and consisting of lymphocytes and fibroblasts. The thicken- 
ing of the walls of all the bloodvessels was striking. In some of 
them llic lumen was situated excentrically, on account of the 
pathologic changes within the walls. The mural thickenings 
contained lympliocytcs and numerous sjiindle-shaped nuclei 
(fibro-cellular tissue), but no ealcificatioiis or necrosis or giant- 
cells. In one place the connective-tissue proliferations project- 
ed into the lumen of the vessel {Endarteritis productiva oblite- 
rans ) . 

The findings spoke for the assumption of a syphilitic change 
— a hies dura; matris spinalis. Typical gumma was not found. 

The patient withstood the operation well. Three days later 
the hyperiesthetic zone disappeared, and the girdle sensation 
also vanished. The condition of the nervous system was at that 
time the same as before thf npcriititm. 
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On the sixth clay after the operation a considerable accumu- 
lation of liquor toiik place in the primarily united wound. In- 
troduction of a probe evacuated it. On the following day the 
discharge of liquor was greater, and a complete paralysis of the 
left lower extremity set in, which began to regress very slowly 
on the thirteenth day after the operation. The flow of liquor 
persisted for five weeks, but decreased in quantity. Three weeks 
after the operation another inunction cure was prescribed and 
iodides administered. 

With the cessation of the discharge of liquor severe attacks 
of spasms of both lower extremities and the musculature of the 
abdomen and back set in, which extended upward to the region 
of the shoulders and were accompanied with violent pains. The 
slightest contact with the extremities, the back, and the abdomen 
caused a new convulsive seizure. The administration of mor- 
phin and chloral caused this condition to disappear. 

Despite that, however, a complete motor and almost total 
sensory paralysi.s of both lower extremities set in. There was 
no reaction to the faradic current. This condition lasted for 
fully nine days, after which the patient was able to voluntarily 
contract to a limited extent the adductors of his right lower ex- 
tremity. Three days later it was possible to elicit very slight 
■contractions of the nuiscles of the calf by faradization, and the 
movements in the adductors became very distinct. 

The motility of the right lower extremity improved in the 
course of the following days and tlie patient was able to cause 
voluntary contractions of the quadriceps. The museles inner- 
vated by the nervus penineus and nervus tibialis anticus also 
began to ftmction.ite. The function of the muscle groups of llie 
right lower extremity became gradually stronger. The toes also 
began to move actively, and tlie foot could be proriated and 
supinated incompletely and with effort, of course. On the 3()th 
of Jidy the functions of all the muscles supplied by the left 
nervus peroiieus had also considerably improved, and in the riglit 
lower extremity most nf the movements were executed without 
restriction. 

On the day of the cessation of the flow of liquor the sensi- 
bility was almost completely extinguished, i.e., from the nipjile 
■dovraward on both sides. This condition improved on the left 



in the course of fourteen days, and after fourteen more days 
it had also become better on the right side. It began to clear up 
first in the region of the arm, then on the flexor surfaces of the 
lower extremities and on the trunk. A strip on the anterior 
surface of the thigh and the right side of the abdomen remained 
insensitive. The difference between heat and cold was at that 
time distinguished correctly. 

The lower portion of the rectum was also insensitive, so tliat 
the patient was unable to distinguish between hard and soft 
fieces. This condition improved gradually. The sphincter aiii 
had suffered much in its contractility, so tliat water introduced 
into the rectum could not he retained. The muscle tonus re- 
turned here also gradually. 

From the day following the operation the patient could not 
evacuate his bladder spontaneously, and he had to be catheter- 
ized until he was discharged from the hospital. 

On the 13th of September, 1908. he left for his home, and he 
was at that time able to get about the room with the aid of the 
walking-stool. The right lower extremity was actively mobile 
and strong in all joints. The patient could perforui all move- 
ments of the left lower extremity, but M'ith much less power. 
The function of the flexors of the thigh was best. The function 
of the abdominal muscles of the left side was weaker than that 
of the right. 

The tactile sense of the right lower extremity was present 
on the flexor side alone, and on the abdomen it was extinguished 
as far as tlie umbilicus; tlicsc regions of the skin were analgesic. 
The tendon phenomena were exaggerated in both lower extrem- 
ities and patellar-clomis was absent. liabinski and Oppenheim. 
positive. Hypertonia of botli lower extremities. All contacts 
with the skin were responded to with violent muscle contractions, 
mainly in tlie riglit lower extremity. The sense of position of 
tlie right big toe was normal, in the left uncertain. 

A letter from the patient, dated June ^7. 1910, informs me 
that his condition was subject to great fluctuations, which led in 
the winter of 1908-1909 to an aggi-avation of the motor functions, 
which improved, beginning in the Fall of 1909, under the use of 
injections of bichloride of mercury and the iodides. The gen- 
eral condition of the patient was good, his strength and active 
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movements of the lower extremities were better, so that he was 
able to attend to his practice as a physician in his resideoce and 
also to call on his patients in a carriage at their homes. The only- 
complaint was an occasional intercostal pam. 



OBSERVATION XV, 4 

Extensive Indurntion of Tuberculous Nature of the Dura Fol- 
loxcing Trauma. Resection of the Arches of the Seven 
Dorsal Vertebra" in Two Sittings. Splitting of the Indura- 
tion. Aggravation Followed by Improvement. 

A farmer, thirty-nine years of age, with negative hereditary 
history, was admitted to the Augusta Hospital on the 23d of 
May, 1907. In February of the same year he sustained an in- 
jury of the left side of his thorax which led to a secreting fistula. 
From Easter on, he observed a sliglit but gradually increas- 
ing weakness in both lower extremities, which in the week of 
Pentecost he felt a number of times while ploughing. Ever since 
he had that fall he complained of pains in the back and in the 
shoidders. a gradually increasing girdle sensation and finally 
marked hyperidrosis. Soon after tliis he perceived pain fid 
spasms in the lower extremities which lasted for a few minutes. 

The physical examination showed a pale, powerfully built 
man, on whose back about 4 cm. to the left of the spinous process 
of the 10th vertebra, a fistulous opening the size of a pea sur- 
rounded by a reddened area, from which a clear watery fluid 
was occasionally discharging, was found. Percussion and [ires- 
snre of the vertebrse were not painful, and the vertebral column 
appeared entirely nomial. No changes could be demonstrated 
in the internal organs. A paresis of both lower extremities was 
present, which affected all nmscles, and which was more marked 
on the left side than on the right. From the manunUlary line 
down ini the left side and on the right from the nmbilleus down- 
ward the temperature sense was disturbed, and during anotiicr 
examination found entirely extinguished, i.e.. on the entire left 
side and on the right with the exception of the lateral surface of 
the thigh. The tactile sense had disappeared on the right side 
from the umbilical line and on the left from the patella down- 
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were exaggerated, especially oii the left 
d Babi7i«ki positive. The frequently oc- 
lower extreiiiitie-s were painful and lasted 



3 manifestations increased in severity during the time the 
patient was under our ohservation. He was operated upon on 
the 4th of June, 1907. The fistula was first probed with a sound 
as far as the 10th rib, which had to be resected. It was found that 
the tract did not extend any farther, i.e., it did not reach the 
vertebral column. 

The incision of the skin for laminectomy began at the spinous 
process of the .5th dorsal vertebra and extended downward for 
a distance of 13i/^ cm. The arch of the 8th dorsal vertebra was 
at first drilled with a burr. After introduction of Braatz's sound 
into the drilled hole, it became apparent that the dura could not 
be separated from the wail of tlie vertebral canal. It did not 
pulsate at the bottom of the wide opening and did not display 
the normal bluish color, but was of grayish-white appearance, 
rough and hard. These adhesions rendered tlie reuioval of the 
arches much more difiicult. However, this arch, as well as the 
one above and below it, were removed witli the rongeur for- 
ceps and the much-elianged dura exposed. Neither on the upper 
nor the lower end of the opening were conditions normal. Since 
the pulse of tlie patient became bad, the operation had to be dis- 
continued. Tlie soft tissues were sutured. 

On the 1.5th of June (eleven days later) tiie operation was 
completed. Tliree more arciies liad to be taken away above and 
one below, so that in all, the arches of the 4th to 10th vertebrie 
were sacrificed. The length of the cleft in the vertebral canal 
was 10 cm. and tliat of llie wound 25 cm. Above and below nor- 
mal, bluish-looking dura was seen to an extent of i/^ to 1 cm.; 
it was pulsating. In all otlier portions it was indurated and 
hard, and i)ulsations could not be detected even with the finger 
(compare Plate LIX). Its color was reddish-ycilow and spot- 
ted in appearance. On the 0th and 10th arches the dura showed 
a constriction of 314 cm. in length, and grayish stains in its fun- 
damental color. 

In this case the dura was not excised and no portion re- 
moved for microscopic examination. It was split lengthwise in 
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its entire extent eorres[)onding to the diseased portion and split 
to the surface of the cord. 

The arachnoid space appeared normal and no liquor cerebro- 
spinalis of any appreciahle quantitj' drained from its upper or 
lower portion. The incision of the dura was widely gaping — a 
sign nf marked constriction. Judging from the findings of the 
fistula leading to the lOth rih, there was no doubt that we were 
dealing with a tuberculous induration. The dura was, there- 
fore, covered with iodoform gauze and the wound sutured over 
it, permitting the end of the tampon to project from the lower 
angle of the wound. In the course of five weeks healing pro- 
gressed under slight serous discharge and without disturbances. 
At first the patient was nuich affected by the two severe 
operations and his functions became considerably aggravated. 
After this he recuperated, and on the 3d of October, 1907. he 
was discharged from the hospital at his request. The vertebral 
colunni was freely movable and free from pain. When the pa- 
tient was sitthig up in bed he supported himself with both hands, 
because he tired easily and fell to the front. In this position he 
kept his lower limbs mainly flexed, while in the dorsal decubitus 
they were in spasmodic extension. At passive motions distinct 
spasms were observed in the lower limbs which were nnich more 
marked in the reclining position — almost uncontrollable — and 
bringing the patient into the sitting posture caused them to de- 
crease somewhat. Touching the thighs made them fly up 
toward the abdomen like lightning. Active movements of botli 
knee-joints were possible to sueh an extent that the passively 
flexed legs could be actively extended slowly and by overcom- 
ing the marked spasms. The toes and ankle-joints could also be 
moved actively to a slight degree, while the feet were in slight 
pes equinus position. Active movements in the hip-joints were 
still impossible. 

i The sense of position and the muscle sense were normal, and 

all sensory disttu'banees existing before completely disappeared. 
I The sense of touch, the temperature sense and tlie sense of pain 

I were entirely normal. The reflexes were normal and not exag- 

I gerated. Only the patellar reflexes were somewhat increased, 

I There were no atrophies in any place. Electric irritation resulted 

■ in short, lightninglike twitchings of all muscle groups with the 
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exception of both quadricepites femoris, which reacted somewhat 
shiggishly. No reaction of degeneration. The upper extremities 
were perfectly free from all disturbances. 

On the 2d of Xovember, 1907, the patient informed us that 
a .slight improvement bad taken place in tbe active mobility of 
the lower extremities. The spasms, however, were said to be 
still quite marked. Further treatment with massage, baths, elec- 
tricity and at various medico-mechanic institutes did in no way 
improve the condition of the lower limbs. A letter, dated August 
16, 1909. informed us that the general condition of tbe patient 
was excellent and that he was able to supervise his farm, rolling 
about in a wheel-cliair. He supported bis back exceilently. so 
that the removal of tbe seven arches did not interfere with the 
ability to support the spinal column. He could walk as little as 
before the operation — the twitchings and spasms prevented him 
from doing so— although the power of the extremities was in- 
creasing. 




Intramedullary Neoplasmata 



If, perchance, a iiieduilary huiior be discovered, a laminec- 
tomy with the removal of arches will at least be beneficial by 
relieving the pressure (decompression). In most of these cases 
the neoplaKni will have aflfected the cord sympathetically or in- 
filtrated it diffusely to such an extent that its safe enucleation is 
out of the question. However, if. as exceptionally happens, the 
case be one of solitary tubercle or an encapsulated tumor, we 
should not let it go at that, but interfere. Under such circimi- 
stances we are justified in looking for the neoplasm by a careful- 
ly executed longitudinal incision corresponding to the posterior 
commissure, and to attempt its enucleation. As stated before, I 
have on one occasion incised the posterior commissure of the 
spinal cord with a scalpel (compare Observation XV, 2, p. 1110) 
for a length of over 2 cm. and a depth of 2 mm., exposing a 
focus of softening of at least the size of a pea, in which case the 
patient recovered. 

This teaches that we may entertain hopes to occasionally i 
cure a patient by the extirpation of small, encapsulated intra- 
medullary tumors. Up to this time, however, such cases were 
invariably looked upon as hopeless. Despite all progress made 
in neurologj', intramedullary tumors caimot clinically be differ- 
entiated from intradural neoplasmata (not affecting the cord) 
with certainty, and we must, therefore, be prepared to occa- 
sionally meet the former condition during the operation. A cor- 
rect diagnosis justifies tlie attack of an intramedullary neoplasm, 
as shown by the following observation. 



OBSERVATION XVI, 1 

Diffuse Glioma of the S}nnnl Cord. Inciition of the Posterior 
Commissure. Recovery from the Operation, but no Im- 
provement. 

A well-developed healthy boy of thirteen began to suffer in 
September, 1910, from pains in the sacrum and especially in 
1125 




r the tboracic put of tlie 
•akness of bodi lowor 
> mouths prior to tfak time he 
d. 

r exiuninatkm of the patkot at the tiiDe of his 
to ■ bovpital showed nothing abnoniial oo the cranial 

T upper extrcmitie* and the upper half of the v ert eb ra l coJ- 
uifui. The kptnal column was not sensitive to pressure and 
thriwed in iU lower thfiracic divuion a &lj} t scoliosis, "» . in the 
upper pttrtiuii the convexit}' was directed to the left, in tlie lower 
to tlie Hf^t. 

The examination of the motility' showed spastic pareses of the 
|//wer extr«iiitie», especially of the left, which could be lifted to 
only a very limited extent. Compared with the right, this limb 
was djtrtinctly atrophic. Of the reflexes, the abdominal-wall re- 
*IK«n!He on the left side was indistinct and the cremaster-reflex 
entirely alwent. The patellar- reflexes were highly exa^r^rerated 
on Itolh sides; ankle-clonus and patellar-clonus on the ri^t side 
jKWfitive. The Jiabingki phenomenon was present on both sides. 
Kxaniiimtion of the sensibility of Inith big toes showed on the 
»idf» a (liiitinet hyperajsthesia. The right lower extremity and 
right hide of the trunk were hypalgesic for a distance of about 
two (ItigL-rs hImivc the navel; its upper border varied. There was 
hIw( llicnii-anii'sthesia. whicli extended anteriorly on the trunk 
td tlir width of uhoiit two fingers above Puupart'g ligament and 
i((i<it(ri'irly to thf level of the posterior superior spinous process 
nf \\»- ilium. 

In Hcfordaiii'i- with these findings a diagnosis of compression 
of the s|»itinl t-ord from the left side— possibly of tumor — was 
iitfidi'. lis level was siispcetcd in tlie region of the 8th to 9th 
dnrsitl scgmcMls. 

On the .11 h i.r JiiTiiiiiry. litll. 1 rtinoved the arches of the 7th 
tiiid Mill virtclii'.'i' Jirid the s|iirinits |)rf)cess of the sixth. After the 
Mill iinli wjis lnk(ii iiwiiy a giiuiiilatinii tissue, like vascular stra- 
liuij. Mils fmirid on llie dina, wliieli did not pulsate. Longitudinal 
incision evacnatcd a miideriite <|uantity of liquor. Intradural 
nrohing in an upward and downward direction for a distance c 
moJ-c than the lenglli of a fitigcr met with no obstacles. At the 
level of the Hth arch the dura did not present a normal appearana 
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but was of a peculiar ivory color and showed a spindle-shaped 
thickening similar to the cervical or lumbar enlargement. 

The ventral leaf of the arachnoid was carefully split length- 
wise with a knife and a perpendicularly running vessel of the 
arachnoid isolated, ligated above and below and excised. After 
the pia mater was scarified longitudinally, the substance of the 
spinal cord, especially the neoplasm, bulged in a semispherical 
form into the entire extent of the incision. Differences in con- 
sistency could not be discovered with the finger. A longitudinal 
incision in the posterior commissure, a few millimetres deep, was 
made into the substance of the spinal cord with a very fine knife. 
The spinal cord now bulged into the exposed parts, which meas- 
ured 5 cm. in length, so strongly from the wound of the dma, 
that it not only filled the spindle-shaped cleft completely, but 
projected above it to a greater extent than I have ever seen in 
cases of normal cords or in extramedullary tumors. It at once 
became apparent that we were dealing with a diffuse neoplasm 
which caused a remarkable protrusion of the cord. Since no dif- 
ferences in consistency were observable with the finger or with 
the point of the knife in any of the exposed parts, we were evi- 
dently face to face with a glioma or, perhaps, a myelitis with 
softening. Microscopic examination of a small particle showed 
probable glioma. On account of the diffuse extent of the tumor 
which did not permit the view of normal substance of the coi'd 
above or below, the operation had to be discontinued. The in- 
cision of the dura remained open and in any event could not be 
sutured for the reasons given above. Musculature, fasciae, and 
skin were sutured without drainage. 

The operation was well borne; there was no fever and the 
healing of the wound was undisturbed. With the exception of 
moderate flexion and movements of moderate extension of the 
right foot, both lower extremities were found paralyzed on the 
evening of the operation. In the course of the following day the 
mobility of all joints of the right lower extremity returned to a 
limited extent. The left limb remained immobile and the pa- 
tient kept the foot in a pointed position (pes equinus). After 
three days the motility of the right lower limb was tolerably good 
and on the left side also slight flexion in the knee and ankle 
joints conld be demonstrated; moderately powerful movements 
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also executed in this limb. In the following 
of motility was changeable, and the spastic 
le more distinct. 
An exa ation made on the 11th of Februarv showed that 
both feet were kept in the above mentioned pointed position, and 
attempts at passive motions were at once responded to by spastic 
resistance. Movements of the hip-joint and flexion of the knee 
were possible on the right side with diminished power, and ex- 
tension in this limb was incomplete. active movements of 
the feet were at once interrupted hy strc pasnis. Active move- ' 
ment of the left hip was iM)ssihle only to a rj' limited extent and 
while flexion of the knee coidd be executed it at once cuhninated ' 
in a severe clonus which rapidly affected the ninsculature of the ' 
thigh. The reflexes were exaggerated on both lower extremities, i 
especially on the left side; ankle and patellar clonus were also 
present on the same side and the Oppcnheim and Babinsfii phe- 
nomena were more marked here than on the right side. All these 
spastic-paretic symptoms were at times weak and at others more 
marked. 

In the further course of the disease the disturbances of the 
seiisil>ility showed /froifH-iVtV/wnrd symptoms. The sense of pain 
anil temperature-sense were normal on the left side and on the 
right eonsidei-ahly diminished, while in some places entirelv ex- 
tinguished, iVfter the operation tlie disturbances of sensibility 
grathially progressed, at first to the trunk and tlien to an extent 
of about the breadth of a hand above the navel. A ribbon-shaped 
hypcra'sthetie zone at the level of tlie nipples (present at first) 
could no longer be demonstrated. Tliere was also an cedenia of 
the back and lower extremities which developed in the beg-innine, 
hut in the course of the trouble it gradually regressed. This was 
also true with reference to a slight decubitus on the hack of the 
neck. Trophic disturbances of the skin did not exist and the 
functions of the bladder and rectum were normal. The boy - 
discharged on the 20th of April. 1911, at which time his ger 
condition was good and no particular changes in the symptoj 
tologT.' had taken place. 

Since that time the extirpation of a neoplasm from the si 
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stance of the spinal cord was successful. O. VeragutW and Hang 
Brun found at the level of the 3d cervical vertebra in a man, 
thirty-two years of age, immediately underneath the pia mater a 
sohtary tubercle the size of a hazelnut, which was entirely imbed- 
ded in the substance of the spinal cord and which was surrounded 
by a firm, connective-tissue capsule that permitted its easy enu- 
cleation. 

A case of angioma of the arachnoid (ventral leaf) 
and pla observed in a man. thirty-four years of age, in whom 
laminectomy was performed on the 10th of December, 1910, also 
belongs to this chapter. The manifestations in this instance were 
those of an intravertebral neoplasm, and its course extended over 
a period of seven years. In January. 1906, the patient was treat- 
ed in the section for internal diseases for manifestations of spinal 
paralysis. The be^finning of the disease had at that time dated 
back a few years. After the arches of tlic 9th to 12th thoracic 
vertebriE were removed and the very tense dura mater opened, a 
picture (compare Plate LX), strikingly resembling that shown 
on Plate VIII in Vol. I, of angioma venosnm racemosum of the 
central region, was observed. As in that case, the neoplasm of 
the spinal cord was also composed of very wide, comparatively 
thin-wailed, bloodvessels of dark-violet color, the course of which 
was mainly tortuous and interwoven. Since no pulsations could 
be discovered in this case we were dealing, as in the former 
instance, with an angioma venosum racemosum. Extirpation 
was out of the question, for the voluminous trunks of the vessels 
and their ramifications extended into the substance of the cord 
and I had to be satisfied with deligations alone. 

The patient withstood the operation and his woimd healed. 
The paralyses, however, improved in no way and increasing de- 
cubitus and consetpient exhaustion caused his death three months 
later. The necropsy {Professor Dr. Oestreich) showed in the 
spinal cord and in the region of the operation, isolated, very tur- 
gid veins and immediately above it to an extent of 10 cm. in front 
and behind (especially posteriorly) indurations, jellylike infil- 
trations and marked dilations and proliferations of the vessels of 

' Subptaler makroskoptBch-intrameilullarer Solitartuberkel in der Hohe des 4. 
and 5. Cervical-aegmentes. Operation. Hcilun?. Korrespondenzblatt fiir Schweizer 
Ante 1910. No. 33. Basel. 
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the arachnoid. Transverse sections above the field of operm 
showed the cord to be verj- small and displaced laterally by the 
jellylike arachnoid-tissue. Cross section of the field of opera- 
tion itself showed only remnants of the substance of the spinal 
cord and a grayish-red structure with numerous vessels. Thert 
were also numerous yellowish and gray discolorations. espeoiallj 
in the region of the posterior columns. Tumor-tissue coidd ikHI 
be found. 

An extensive leptomeningitis fibrosa was found on the fron^ 
tal brain. The arteries of the base sliowed no peculiarities, 

The occurrence of solitary tubercles is as rare as 
mata. These neoplasmata cause the same manifestations 
any other space-restricting process within the vertebral cam 
Their diagnosis is possible only during the operation. In 
with a positive history of lues an energetic antisyphilitic coun 
of treatment should be tried. Since, however, it is known thi 
old gununatous processes of the bones, skin and tongue are beai 
brought to recovery by surgical means, it is wrong practice U 
wait, if the process affects the spinal cord, until such time wh* 
compression has destroyed the nervous elements beyond hopi 
In such cases the sooner wc decide to operate, the better. 

Tuberculous conditions of the spinal cord are very unfavoi 
able, for in most cases they are of a disseminated nature even be 
fore the clinical manifestations permit a diagnosis. I once oper 
ated on such a ease, the description of which follows. 



OUSEKVATIOX XVI, 2 

Transveme Par<ili/.si.s of the Thoracic Cord. The Operation Z>» 
closed Solitdri/ Tubercle and Disneniination. Healing of 
the Wound. Dculh from Progressive Parnlifsis. J 

A man, thirty-two years of age, was suffering from a motoi| 
and sensory ]iaralysis in the region of the lower section of the 
trunk and of the hiwer extremities which made very rapid 
progress within a few weeks. There were at first manifestations 
of sciisi)ry irritation, which were later accompanied by motor 
weakness at first in the left and tlien in tlie right lower extremity, 
and an examination made when the patient was in the depart- 
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nient of iTilcniiil iliseasus (Geheimrat Ercald} showed a spastii- 
paralysis of both lower extreniitios and a disappearance of all 
sensory (pialities which extended to the re^inn of the unibilicus 
and above this a hypersesthetic zone. The disease was of a 
markedly progressive character, so tlmt at the time the patient 
was admitted to the surgical department, tlie spastic paralysis 
had already become totally flaccid and the ana'stliesia had reached 
the xiphoid line. The bladder was paraly/cd an<l tlie urine 
showed aninioniaeal decomposition and the functions of the rec- 
tum were considerably disturbed. I^evel diagnosis was possible. 
Since the sensibility above the xiphoid line was normal and. below 
it, totally extinguished, and because the disturbances of motility 
were below this line, the diagnosis was that of a complete tran.s- 
verse paralysis at the level of the .5th dorsal segment or the arch 
of the Ith thoracic vertebra. 

After the removal of the 4th and 5tli arclies the dura was 
found very tense. Longitudinal incision into it caused the spinal 
cord to bulge forward and a bloody liquid drained off in moderate 
(juaiitities. A grayish-red, tumorlike flat swelling was now seen 
on the pia which was covered with yellow nodules the size of a 
millet-seed or larger. After the removal of the 6th arch the same 
changes were found in the entire exposed area. After the re- 
moval of these gray-red tumor-masses, the cord appeared sliglitly 
excavated and yellow, A blunt tenaculum introduced around the 
cord to facilitate the inspection of its anterior .surface caused a 
.small quantity of li(]u()r of grayish-red color, which was evidently 
due to softening of the cord, to evacuate. The neoplasm was in- 
extirpable and its tipper limit could not be reached, even after the 
removal of the -ttb arcli. The macroscopic appearance of tuber- 
culosis was corroborated by the microscopic examination. 

The wound healed without disturbances desiiite the tuber- 
culosis. Tlie patient died, however, sixteen days later from pro- 
gressive paralysis and pneuinnnia. 

The autopsy (Professor Dr. Oestrcich) showed the wound 
entirely cicatrized. The vertebral canal was free frotn pus. A 
yellowish-gray, firmly adherent deposit and slight quantities of 
perfectly clear waterj- litinid «erc found extradurally in the field 
of operation. The arachnoid showed on its anterior side, and es- 
pecially in its dors-nl portion, a yellowish, jellylike infiltration. 




Course After Laminectomy 



According to our experieticefi, it is just as difficult to point out 
the changes peculiar to each region in the course after the opera- 
tion, as it is to divide «"ith certainty the various space- restricting- 
processes within the vertebral canal before the operation, and for 
this reason we are unable to enter into their discussion separately. 

Disturbances in the Discharge of Liquor Cerebro-Spinalis 

In the majority of instances the wound lieals witiiout an ex- 
cessive discharge of cerebro-spinal fluid or too much drainage. I 
have twice seen so marked an accumulation of liquor undeniealli 
the primarily united wound that marked fluctuation was present, 
ami in both cases the abnormal quantities of fluid had to be evuc- 
uHted by ptmcture. In other eases again the liquor will dribble 
away through a suture tract or from a small opening in the 
wound. The excessive flow of liquor is evidently brought about 
by the state of irritation of the meninges induced by the opera- 
tion, which will occur after a severe surgical attack. These man- 
ifestations are not only the result of the extirpation of tumors, 
but traumata, especially after exposure of the spinal cord fur 
old gun-shot wounds, will also give rise to this condition. How- 
ever, I am unable to give a reason why there will be an excessive 
accumulation of liquor in one case and not in the other. 

Threatening symptoms were only occasionally obser\'ed. 
These will take place wlieii there is a sudden accumulation of 
li()uor under tensioTi and .especially when the opening from whicli 
it had been previously draining becomes suddenly adherent fir 
closed. The patients will then complain of pressure in the wound, 
of girdle sensations, iiulling pains in the abdomen and in the 
extremities and spasmodic twitchiugs of the muscles. In one 
case of gun-shot wound of the comis medullaris with complete 
11S3 



KEY OF THE Spinal Coed 



1 



r half of the body the accumulation of liquor, 
eating, gave rise to puUing pains in the iri- 
niities. A very unjileasutit sense of tension 
f ill the bladder and rectum, which is accom- 
uity in urination, wliich again is accomplished 



pain. 



Tile symptoms of irritation may extend from the field of 
operation toward the peripheral portions of the body or uj>iivard. 
In tliese severe cases damming back of cerebro-spinal liquor into 
the cranial cavity may occasion cerebro-meningeal symptoms. 
The patients will then complain of severe headaches, especially 
in the forehead and the back of the head, while the movements of 
the back of the neck remain unrestricted and without pain. They 
will perspire profusely and liave eructations, nausea and vomit- 
ing. Tlie general condition of the patient may be much influ- 
enced. He may be restless and conqdain of respiratory embar- 
rassment or he delirious. His tongue will be dry. 

The subjective complaints correspond to the striking ac- 
celeration of the pulse-rate (120 or e%'en 160 beats per minute), 
and there are rapid and superficial respirations, pallidity of the 
face, cyanosis of the mucous membranes, clammy hands and feet 
and high temperature (in one instance 40° C per axillam). 
Sometimes the tenqjerature curve shows a markedly remittent 
character. I have seen one patient faint and collapse at three 
different times in the flat, dorsal decubitus. 

Patients thus afflicted recuperate from these threatening- 
manifestations in a few days or even a few hours after drainage 
of the liquor is instituted. If, on tlie other hand, too great a 
(]uantity of liquor be drained away (I have seen not only the 
heavy dressings hut also the bedding and sheets thoroughly satu- 
rated), the loss of liquor will again cause headaches, nausea, 
vomiting, high temperature and even collapse. The diagnosis 
that these symptoms are due to the loss of liipior, must be based 
upon its perfectly clear appearance and the absence of all septi 
manifestations. If the discharge gradually ceases, all unpleasai 
symptoms will vanish simultaneously. 

In weak patients continuous and excessive flow of liquor ma 
even lead to death or, at any rate, contribute much to the fati 
issue. Similar disturbances are observed in operations on tl 
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hrain, but it has bftii my experieiit'e that crorisiderable Joss ol' 
liquor cerebi-o-spinalis is more detrimental when coiiiuig from 
the cord tliaii from the brain. 

'Die motility and sensibility of the extremities do not gen- 
erally suffer as a consequence of the abnormal drainage of liquor. 
Again, the reeuperation of the tracts noticed immediately after 
the operation may regress, and pareses and aniesthesias may set 
in anew. In one case the cessation of the How of liquor caused 
violent spasms in the entire lower half of the body. These severe 
symptoms of irritation continued for five days, after which a total 
paralysis of both lower extremities set in, which gradually re- 
gressed without a new flow of liquor. In this case no tumor liad 
been extirpated, but an induration was removed from the mem- 
Ijranes of the spinal cord (see Observation XV, 3. p. 1111). 

Considerable flow of liquor is a great annoyance to the pa- 
tient and very trying to the physician and attendants. The pa- 
tient must be dressed daily, and it is self-evident that frequent 
change of dressings and the continued saturation of bandages 
and beddings widely opens the door for infection. However, we 
were successful in all cases, even where this unpleasant disturb- 
ance had continued for a mimher of weeks, to preserve asepsis. 
■Only one patient died, and she was of extremely weak constitu- 
tion, and in whom a diphtheritic cystitis and pyelitis deveioi)ed 
(proved by the post-mortem examination) . The meninges of tlie 
spinal cord and brain were in this case normal (see Observation 
XVm, 1, p. 11j5). All other patients recovered. 

Bladder and Rectum, Decubitus 

The relief of tlie spinal cord from the injurious pressure may 
manifest itself on the day following the operation by the disaji- 
pearance of the disturbances of the bladder. The urine is evac- 
uated spontaneously and the painful tenesmus ceases. I have 
observed this favorable return in a few cases of extirpation nf 
neoplasmata from the posterior surface in which tlie cord had 
hardly to be touched, and in another case the result was striking. 
It was an instance of severe induration-formation, in which a 
focus of softening was found in tlie cord and evacuated by a lon- 
^tudinal incision (Observation XV, 2, p. 1110). 



!ERY OF THE SplNAL CORD 

owever, even the most painstaking care diir- 
in"' . operation v 1 be followed by a paralysis of the detrusor^, 
and the patient will have to be eatheterized. The dang'ers ac- 
companying the constant use of the catiieter in patients suffering 
from paralysis of the spinal cord are well known. We are using 
Nclaton's soft instrnments and permit the bladder, to be evac- 
uated twice daily. If the paralysis be continued longer than a. 
day, catheterization is followed the first time by an irrigation of 
tlie bladder with a 3% solution of boracic acid and the second 
time by 1/2 0/00 or stronger solution of silver nitrate. If the 
paralysis of the detrusor be accompanied by a paralysis of the 
sphincters, it is generally looked upon as an unfavorable symp- 
tom. I have corroborated this statement a number of times, es- 
pecially in injuries of the cord from bullet-wounds or from con- 
tusions, and liave not observed a return of the functions of the 
lower half of the body in such cases. 

Like all other manifestations, the disturbances of the bladder 
may recur again after they have completely or to a great extent 
disappeared. They may entirely disappear during the continued 
regression of the paralysis, or leave only extremely slight traces 
of their existence behind. I liave observed slight disturbances, 
such as frequent tenesnnis, in cases which otherwise were running 
an excellent course. 

In contradistinction to the functions of the bladder, no dis- 
turbances of the rectum were observed in any patient after the 
operation, if interference with the bowel action did not exist be- 
fore. If the latter he the ease, the regression generally requires 
a longer period than tlie recurrence of the function of the bladder. 

I wish to add in this connection that after successful opera- 
tion no severe decubitus developed in any case, I have seen, how- 
ever, superficial bleb-formations on the nates and on all parts 
of the bodj' exposed to pressure, as for instance tiie feet. We 
should, therefore, take care in advance of the Achilles tendons, 
heels and malleoli and relieve them of every possible pressure, 
which is best accomplished by permitting tiie patient to rest on 
a water cushion, and observe .scrupulous cleanliness of the gluteaJl 
regions, which should frequently be given alcohol rubs. 
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Sensory and Motor Disturbances 

It is always gratifyiiif^ to the surgeon to note that after the 
operation the paralyses recede or at least no anaesthesias or new 
paraljiic manifestations appear. He is then convinced that no 
added harm was done by his operative manipulations upon the 
spinal cord. 

The hyperresthetic zone, which, according to our experiences, 
does not frequently correspond to the upper limit of the neo- 
plasm, may disappear (as all other pains produced by tumors) 
soon after the extirpation. However, immediately following tlie 
operation new pains are complained of, which are not due to the 
root-regions affected, hut are perceived by the patient lower 
down, for instance, in cases of tumors of the cervical portion of 
the cord tlie pain will be in the lower extremities and in the abdo- 
men. These manifestations, which retard convalescence, may in 
part be due to disturbances in the secretion and resorption of the 
liquor cerebro-spinalis. These have, however, nothing to do with 
the pain in the wound. The patients are usually able to distin- 
guish between the two. Wound-pains are generally slight. 

Like the pains produced by the neoplasm, the paraesthcsias 
also disappear. 

Of the morbid manifestations, the disturbances of sensibility 
regressed first. Those of the sense of position frequently per- 
sisted for a longer time. The ansestbetic regions soon recovered 
their sensory powers to a greater or less degree. The paralyzed 
or paretic muscles generally recover slowly, but the paralyses 
occasioned by the participation of the roots or from compres- 
sion of the tracts of conduction, will gradually recede if not irre- 
parably damaged by the underlying morbid factor. The roots 
and tracts of the spinal cord subjected to pressure for the longest 
time recuperate only slowly and under certain conditions not at 
all. Those muscles which were first affected during the course 
of the disease remain farthest behind with reference to recovery. 

The itnprovement in these conditions is not always progres- 
sive but is subject to frequent fluctuations. Periods of stand-still 
and at times frequent relapses are observed. During the exami- 
nations the patients become easily exhausted. It may be pos- 
sible that the interruption in the favorable progress of the disease 
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It is of prognostic valne when the hypertonia occasioned by 
the compressing neoplasm disappears bnt does not give place to 
complete atoiiia. In favorable cases the tendon phenomena may 
be distinctly elicited, even thongh they lose their exaggeration. 

The retention of the reflexes and spasms, even though new 
pareses develop, is always to be looked upon as a favorable sign. 
As long as the tendon phenomena are retained, though the spas- 
tic pareses have given place to flaccid conditions, experience 
teaches that hope for the retnrn of function may be entertained. 

The pathologic reflexes (Babinski, Oppenheim, Bcchtcretc- 
Mendcl, Rossohjno) may soon disappear or become less marked 
in part or entirely; especially on the side opposite the tumor. In 
this respect also fluctuations are obsen'ed, for they may reappear 
within a week or two. tlie spasms may be observed anew and 
after some time disappear, to return no more. 

In two of our cases a peculiar retnrn of the syiiiptom-com- 
plexus of Brorcn-Scquard was observed, in' the extremity oppo- 
site the neoplasm, in such a manner that the previously existing 
j)aresis of one lower extremity api)eared after tlie operation in 
the other limb. The disturbances of sensation behaved similarly 
hut not so distinctly. Oppcnhelm believes this pectdiarity to be 
caused by the pulling upon tiie spinal cord by the necessarj' dis- 
placement of tlie lateral tracts on the side opposite the tumor. 

Schultzc explains the frequent disappearance of the pains in 
the begliming of the development of tumors hy the fact that the 
growth of the neoplasm destroys the c<inductlvlty of the tracts 
transferring the sense of ])ain to the i»rain. \ similar phenom- 
enon has been pointed out by Oppenhcim in two of our opera- 
tions (see Observation XIII. 2, j). 1011. and Observation XIII 
3, p. 102j). In these individuals, especially in the first, manifes- 
tations of motor ataxia developed during the progress of healing. 
Oppenhcim says, in his work cited above: "The ataxia produced 
by the compression of the posterior colunms is at first entirely 
under cover of the paralysis and is manifest only after the para- 
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lytic manifestations have regressed more and more." He also 
iitlieves that the reappearance of the Lcvere pains in the first 
\ieeks after the operation may be at least in part explained on 
tile same basis, for the tracts rimninfj eerebrahvard may. per- 
haps, recover earlier than the loss of irritability of the deeper 
tracts and roots conipresscti by tlie tnnior. 

In the case of a man, forty-six years of age, the ataxia was 
an early manifestation in the eonrse of the disease. The ataxic 
gait, accompanied by weakness of the lower extremities, was 
observed by the patient and by his brotlier. a physician, after the 
occurrence of a total paralysis of the lovier extremities follinving 
tlie performance of lnnd)ar puncture seven weeks before. Since 
the jiatient was referreri to lis in a paralyzed condition, the ataxia 
could no longer be demonstrated. The operation disclosed a 
psammosarconia springing from the arachnoid of the posterior 
surface of the spinal cord, which, beginning at the level of the 
areh of the 7th cervical vertebra, extended to the arch of tlie 2i] 
thoracic vertebra. Barely four weeks after the operation the 
patient was able when svipported by one arm to walk throngli his 
loom a few times in succession, diu'iiig which his gait mimitely 
resembled that of a tabetic, which again, acciirding to the descrip- 
tion, corresponded to the gait prior to the onset of tiie paraplegia. 

Aggravation of Untoward Manifestations 

After every operation upon the spinal cord the existing mor- 
bid manifestations may become exa<fgerated to such an extent 
that all organs situated peripherally to the field of operation may 
at first be completely paralyzed. The increase in the paralyses 
and sensory disturbances naturally depends upon the injucics 
the cord had been sid)jeeted to, even by tlie most careful opei'a- 
tive procedures. The most favorable conditions in this respect 
are found in neojilasiiiata that afi'cct the posterior surface. If 
they be situated more laterally, the cord will naturally be dis- 
placed soniewliat to the side. If the tumor be situated on the 
anterior surface of the cord, as in two of my cases, it may be 
reached only after it has been lifted forward and consideralily 
lisplaced to the side. No matter how carefully these ntanipiihi- 
l:nns be carried out. thev will inva"iuhlv have a ee-ti-n influence 




Psammo-Fibro-EiidotheUomn of the Arch of the Fourth Dorsal 
Vertebra Situated Antcriorhi and to he Left Side. Diffi- 
cult Release and Elevation of the Spinal Cord. Cure. 

A woman, sixty-seven years of age, relates tliat in December, 
1909, she sustained an injury to tlie thoracic portion of her ver- 
tebral column by i»eing pushed against a bar. Until that time she 
had enjoyed perfect health and she did not attach much impor- 
tance to the accident. Her trouble began in June, 1010, with 
parEPsthesias in both lower extremities, which were more marked 
on the right side and later on developed to a greater degree in this 
limb than in the left. In the fall of 1910 her extremities became 
weaker and the paresis of the left lower limb was steadily increas- 
ing. In December, 1910, Sanitafsriif Dr. II. Kron found spas- 
tic pareses of the left lower extremity and a disturbance of 
sensibility for all qualities on the right side extending upward 
to the border of the 6th or 7th dorsal segment. The patient was 
finally barely able to move about with the aid of crutches, and 
disturbances of the bladder and rectum appeared. 

Dr. Kron referred the patient to me for operation. At her 
admission to the hospital (Jamiary 4., 1911) the foUowuig condi- 
tions were found. 

1. Mutilil//. — ^Tlie abdominal muscidature was paretic and 
tlic patient was unable to sit up from the horizontal position with- 
out the aid of her arms. The movements of all joints in the right 
lower extremity were free, but the coarse power was reduced. A 
marked spastic paresis was found in the left lower extremity; 
movements in the hip-joint were oidy barely present and flexion 
of the knee and movements of tlie foot were very incomplete; 
extension of the knee was better. The extended lower extremity 
could be lifted from the bed-sheet to an angle of about twenty 
degrees. When the patient attempted to walk she dragged the 
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left lower limb, and not the slightest active movements could be 
performed with it. 

2. SetigibiUtij. — In the lower portion of the trunk inclusive 
of the 7th dorsal segment, distinct disturbances were demon- 
strable, viz., the sense of pain and temperature were markedly 
affected on both sides; tactile sesthesia, on the other hand, was 
only barely reduced. Point and blunt coidd at first not be dis- 
tinguished by the patient, but on the following days the answers 
with reference to the left side were correct. The sense of posi- 
tion was somewhat more disturbed on the left side than on the 
right. The patient furthermore complained of parffsthesias 
(cold, numbness, occasionally burning) in both lower extremities 
— more in the right than in the left. 

3. Reflexes. — The abdominal-wall reflexes were absent on 
both sides; the knee-phenomenon was lively on the riglit and more 
marked on the left. Babinski and ankle-clonus were only slightly 
present on the right side, wliile on the left spastic symptoms were 
present, together with the Oppenhcim and Babinski signs and 
ankle-clonus. 

The diagnosis of Dr. Kron of a space-restricting process 
within the vertebral canal was corroborated by our findings. The 
progressive course of the disease spoke for a probable tumor, the 
seat of which corresponded to the level of the 7th dorsal seg- 
ment and which exercised compression mainly on the left side of 
the spinal cord. Since the symptoms of sensory and motor irri- 
tation increased in the following days of the observation, the 
patient was operated upon on the I2th of January, 1911. 

After the removal of the arches of the 5th and Gth thoracic 
vertebrie and the spinous process of the 4th, the dura did not 
show any pulsations; palpation imparted the sensation of fluid 
under tension. After opening the dura, liquor was drained away 
under moderate pressure. Intradural probing disclosed below 
perfectly normal conditions, viz., posteriorly and on the right 
and left sides. However, since an obstruction was met with im- 
mediately above the incision into tiie dura, the arch of the 4th 
and the spinous process of the 3d vertebrte were taken away. 
Upon further opening of the dura mater a grayish-violet tunuir 
came to view, which displaced the cord from the left side so that 
it represented a much thinned, flattened, convex arch curved to 




jlmoid was very cetlematoiis and stretched 
was scarified ioiigitudinally and the tumor 
rom the left side of the spinal cord with a 
r. It was now seen that the tumor had also 
:i to the front of the cnrd — in the main anteriorly and 
I le side. It was carefully divided from the cnrd with the dis- 
secting forceps and scissors. Three anterior and posterior roots 
had to he resected in their entire extent from the cord to the 
intervertebral foramen; this was done bee ise they were entirely 
surrounded by the tumor-mass. Despite that, however, root- 
symptoins were fairly absent throughout. 

The extremely difficult separation of the timior from the an- 
terior surface of the cord was accomplislied as follows: The pia 
of the right (sound) half of the cord was seized with a pair of 
fine-pointed vulsella and in this manner the cord carefully lifted 
forward. While an assistant steadied the spinal roots on the 
left side above tlieir point of affection and made them tense with 
rat-tooth forceps, I divided the fine fibres between the tumor and 
tlie cord and was able to completely separate the neoplasm from 
the cord. The enucleation of tlie tumor lasted half an hour. The 
neoplasm adhered to the inner surface of the dura so firmly that 
it was impossible to remove it completely even with the sliarp 
spoon. The entire dura of the left side was, therefore, excised 
from the median section to the front, and from the bodies of the 
\'ertebr.'e. Small tumor-remnants adhered everywhere on the in- 
ner surface fif the dura. After tlie removal of the timior the cord 
presented a convex arch to the right and the narrowing of the 
organ had already considerably diminislied during the operation. 
The excised dnra was 50 mm. long and 18 mm. in its greatest 
width. Tiie tumor was 38 mm. long, 1.5 mm. wide, and 10 mm. in 
thickness. 

The li(]uor tension "as in this rTistance exclusively below the 
tumor. Xnt a <lrop was evacuated from above. The segmental 
diagnosis was mistaken by two arclies. 

The microscojjic structure of the tumor {Professor Dr. 
Oestreich) showed it to be a psannnous fibro-endothelioma. It 
was rich in cellular elements and bloodvessels and contained a 
connective-tissue stroma of partly alveolar and partly netlike 
strncture between which cnboidal and long, flattened cells were 
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present with rounded elongated niiflei. The cells were variously 
arranged in concentric layers; psaninionia bodies were found in 
tile alveoli. Calcareous chanfjes and hyaline degeneration were 
demonstrable in tlie walls of the vessels. 

The patient withstood the operation very well. Her general 
condition and strength were excellent and her nutrition ver\' sat- 
isfactory. She was able to sit up ont of bed as early as on the 
third day after the operation. On the twelfth day her wound was 
healed by priniaiy intention, and a slight decubitus ulcer in the 
sacral region had cleared up. The marked iiedematous swelling 
of the entire lower left extremity existing bef()re the operation 
soon regressed under treatment with massage, packings, and ele- 
vation. For two days after the operation she complained of 
pains in the back of the neck. 

The motility of the right lower extremity showed no changes 
after the operation: the reflexes, which at first were of a spastic 
diaracter, were normal at her discharge. The left lower extrem- 
ity showed a spastic paralysis after the operation, but on the tiiird 
day slight movements of the toes and flexion of the knee could 
be executed. After fourteen more days movements of the hip- 
joint were possible, but with reduced po«'er. Flexion of the knee 
was possible to an angle of one hundred and thirty degrees and 
extension was conipiete. Tlie movements of the ankle-joint, on 
the other hand, were only barely present. The patient was able 
to commence walking-exercises on the 1.5th of February. The 
marked spasms of the left lower extremity (in the beginning 
patellar and ankle clonus. Ojipcrifieim and liabinski, and later 
on occasionally BahinM), gradually improved under massage, 
walking exercises, electricity, and protracted warm baths. At 
her discharge from the hospital on the 13th of April they liad 
almost completely disappeared. 

The improvement in the sensory conditions was such that the 
patieiit complained no longer of any panesthesias. Generally 
speaking, at her discharge from the hospital the sensibility was 
more marked on the right side tlian on the left, especially fur 
heat and cold, point and blunt, while contacts with the brush were 
perceived indistinctly on both sides from the umbilical line down- 
ward (weaker on the left than on the right side). Thermic irri- 
tations were occasionally perceived as pains on the left side 
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(thigh). The sense of position was retained on the right side 
and. on the left it was considerably disturbed. The incontinence 
of urine considerably improved, the bowel action was sluggish 
and had to be corrected with laxatives. 

Taking it all in all, there was a marked improvement in the 
general condition of the patient, and she left for her home on the 
13th of April. She was at that time able to walk for considerable 
periods without effort, but with the support of a cane, of course. 
She writes me that her condition was even better while at home. 

In cases where the tumor is located anteriorly or on the side 
of the spinal cord individual nerve roots are subjected to com- 
pression, and, as in the case just cited, must be resected in order 
to accomplish total extirpation. The operation in itself does 
frequently produce no greater harm in this respect than is 
already created by the compression from the tumor. However, 
even when functionating roots are sacrificed, it does not play an 
important role when they belong to the dorsal segments, but 
they are of far greater importance in the cervical and lumbar en- 
largements. The fact that three pairs of roots always innervate 
a certain sensory or motor region, the division of one or the other 
need cause no apprehension; but we should not sever all three, 
unless urgently indicated. Injury to the roots of the phrenic 
nerve in the 4th cervical segment may place the patient in imme- 
diate danger of his life; the pulling upon this segment leads to 
arrest of respiration, as shown in Observation XIII, 4, p. 1036. 

The injuries inflicted during our operations were, as a rule, 
not of a severe nature, and they disappeared within a few weeks, 
or, at most, after some months. Generally speaking, the spinal 
cord bears operative intervention surprisingly well if particular 
attention is paid to asepsis. Observation XIII, 2, p. 1011, in 
which the cervical cord was exposed to the lower surface of the 
atlas and not the least disturbances were observed from this im- 
portant portion of the spinal cord (phrenicus), may be cited as 
an example. 

The Cauda equina may be removed from its bed with less in- 
jury than any other portion of the cord. It is here possible to 
reach or expose the anterior surface of the vertebral canal with- 
out inflicting injurj'^ to the nerve roots. With reference to this, 
the reader is referred to Observation XIII, 5, p. 1041. 
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Return of the Movements 



Even in those rare iiistaiices in whicli a complete flaccid 
paralysis sets in immediately after the operation, there is still a 
possihility that the conduction of the spinal cord will recuperate 
at least in part. I recall the case of a neoplasm the width of the 
little finger which was 35 mm. in length and situated on the right 
and anterior circumference of tlie spiiial cord, with which it 
was intimately united. During the operation I had to lift it 
upward and displace it laterally after removing the arclies from 
the 6th to tlie 9th vertehr*. It was iinpossihle to detach the 
neoplasm bluntly, and I had to resort to the knife, with wliich 
it was cut away from the cord. In this case the very severe oper- 
ation was followed immediately after its performance by an 
almost total interruption of conduction. The patient in this in- 
stance was a woman, fifty years of age, in whom, before the oper- 
ation, only the right lower extremity showed a flaccid paralysis 
and a certain degree of amcsthesia was present in both lower 
limbs, and tlie functions of the bladder and rectum were toler- 
able. On tlie evening of the operation flaccid paralysis extended 
to the navel and only a slight tension was found in the left knee- 
joint. Both lower Hmbs were completely anaesthetic and all re- 
flexes had disappeared. The first return of active motility was 
observed in the left lower extremity in the big and second toes, 
and in the muscles of the thigh they were noticeable forty-eight 
hours after the operation. Three days later the left foot was 
able to execute slight dorsal flexion. 

The first reflexes coidd be elicited twelve days after tlie oper- 
ation, viz., at first the HabinsKi phenomenon in botli feet. Con- 
tacts with the brusli were at the same time perceived in isolated 
places of the right lower extremity, in which pricks with the 
needle were felt as pains. Fourteen days later the patellar re- 
flex was present on b(jth sides. Tlie movements of the left lower 
extremity gained in power and extent, and almost every muscle- 
group could be placed in action, but it was as yet impossible for 
the patient to lift l>er leg from the bed-slieet. Active extension 
of the big toe now apjieared for the first time, but it could be 
executed only two or three times in succession, after wliich the 
power was exhausted. 
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A few days later the patient executed slight movements with 
the right ankle-joint, and seven weeks later limited flexion of the 
right hip and distinct extension of the right knee were per- 
formed. In three more weeks, the urine, which until that time 
had to be taken away with a catheter, was spontaneously evacu- 
ated a nimiber of times in the dav. Later, increased reflex irri- 
tability was demonstrable in both lower extremities, while the 
motility, especially of the left lower extremity, had considerably 
improved. In the further course of the disease a tolerable func- 
tion returned to both lower extremities, so that the patient was 
able to stand up with the aid of two canes, but coidd not walk. 
While the totally extinguished sensation of both lower extremi- 
ties, noted immediately after the operation, had partly returned, 
the an^Esthehia in the abdomen and up to the nipples remained 
total and improved only slightly in the following months. 

I have only rarely observed so rapid an improvement after 
the removal of an intradural neoplasm as in the following case. 

OBSERYATIOX XVII, 2 

Psammosarcovia of the Arachnoid at the Level of the Vertebra 
PromineriH, Ecctcnding Doxvn to the Second Thoracic Ver- 
tebra, Rapid Return of All Functions After the Extir- 
pation. 

A man, forty-six years old, complained of a strong girdle 
sensation at the lower portion of the thorax, which developed six 
months after the onset of severe pains in the back, which were 
mainly perceived between the shoulder-blades and on the right 
side. Two months later disturbances of walking, with ataxia, 
set in and distin'bances of the bladder function and weakness of 
the sphincter ani made their appearance. At that time the patient 
was able to walk about. liumbar puncture performed at some 
place resulted in total paralysis of the lower extremities, the 
bladder and the rectum. Treatment by inunctions improved 
(mly the latter functions, while the lower extremities remained 
almost totally paralyzed; the patient was unable, even when 
supported on both sides, to walk or even stand. The reflexes 
were highly exaggerated. The anaesthesia for all qualities about 
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■the breadth of two fingers above the nipples and a narrow hy- 
peralgesic zone was present ahove the 3d rib of the right side. 
//. Oppenheim referred the patient to nie for operation with the 
following diagnosis: "Pressure-exercising process at the level of 
the 2d and 3d dorsal segments, situated more to the right." 

On tlie 18th of October. 1909, the arches of the 1st to 3d 
dorsal vertebrie were resected and the lower half of the arch of 
I the last cervical vertebra was taken away. This showed a 
: psaniniosarconia springing from the arachnoid and extending 
from the arch of the vertebra proniinens to the arcli of the 2d 
dorsal vertebra and continuing on the posterior surface of the 
spinal cord. The dura was under high liquor tension below the 
neoplasm and it was transparent, like a hydrocele. 

On the evening of the operation the patient was able to evac- 
uate spontaneously a large quantity of urine. On the following 
day he moved his toes extensively and was able to execute active 
flexion of both knees. The girdle sensation had disappeared, but 
recurred fourteen days later in a milder form. Four days after 
the operation the painful sensation in the lower extremities re- 
curred, and on the following day he was able to move both lower 
limbs in all joints. Kleven days after the operation the patient 
perceived tbermic qualities, and on tlie following day he was able 
to perform his bowel function normally. 

He left tlie bed on the twenty-third day after the operation, 
and on the following day he stood up alone and could take a 
few steps when supported by the arm. Two days later he was 
discharged from the hospital. When he lifted Iiis lower extrem- 
ities from tlie bed-sheet the power of the hip-joints was much 
greater than half normal. Flexion and extension of the knees 
were accomplished with almost normal power, and tliis was also 
true with reference to all movements of the lower extremities. 
The left lower limb was somewhat weaker than tlie right. Five 
days later the patient was able, when supported by the right arm, 
to walk through the room a few times with greater facility than 
in the first days after leaving the bed. He could at that time 
get up from a sitting position on a chair or sofa without support- 
ing himself with the hands or arms. The functions of the bladder 
and rectum were normal, hut his abdomen was still somewhat 
distended. This troublesome symptom disappeared six weeks 



5i .^.( . At that tinie he was able to walk with cer- 
tainty with the aid of a cane and he could also ascend stairs. 
Standing was more difficult than walking on account of the 
trembling of his limbs. There still existed hypertonia in the 
ankle and knee joints, and as a consequence a sense of tension. 
The Bahinshi and Oppenheim. reflexes, on the other hand, had 
disappeared on both sides. In the following weeks all functions 
returned to normal. 

Immediately after the lumbar puncture an enormous aggra- 
vation in the condition of the patient took place. Since the obser- 
vations made at that time were furnished by the brother of the 
patient, a physician, their correctness and veracity were un- 
doubted. While the patient was able to walk about before the 
lumbar puncture, inmiediately after its performance he was par- 
alyzed on both lower extremities. 

I cannot make the warning emphatic enough against such 
uncalled-for punctures. Wherever there is sufficient reason to 
believe that something may be gained by lumbar j)uncture in a 
diagnostic or tlierapeutic sense, it is justified; but what is there 
to be gained or expected by this operation in cases of intradural 
neoplasm- formation ? The diagnosis of such a condition could 
at that time be made with certainty without puncturing the pa- 
tient's spinal canal. It is remarkable that for weeks after his 
recovery he complained from time to time of pains at the point 
of puncture. 

The dangers of Imnbar puncture in cerebral tumors have 
already been pointed out in Volume I. 





Indications, Prognosis, and Duration of the 
Healing of tlie Wound 

Indications for Laminectomy 

When a diafjnosis of a space- restricting process w-ithin the 
vertebral t-anal is made, an operation is unreservedly justified. 
It makes absohitely no difference whether we are deahng with a 
solid tumor, an induration, or a circumscribed accunndation of 
liquor. For, as it has been stated above, the differentiation in 
most instances is well nigh impossible. We should not permit 
too long a time to slip by with unnecessary mercury cures and 
similar therapeutic measures, for the weeks wasted frequently 
decide the fate of the patient, and a curable paralysis may he- 
come incurable during that time. Severe pains are an indication 
for prompt intervention, provided, however, that tlie level at 
which the morbid focus is suspected has been ascertained with 
some degree of certainty. 

As indispensable as exact segmental diagnosis is, we are, 
nevertheless, frequently compelled to operate without having 
arrived at a positive level diagnosis. Intradural probing after 
the removal of one vertebral arch has often shown us the right 
way. If the patient conies under observation at a stage when 
the upper limit of the nervous disturbances is not as yet clearly 
definable, we may wait for a certain time in order to arrive at a 
reliable level diagnosis. During that time a course of mercurial 
inunctions and the iodides may be exhibited to advantage. 

I do not believe in diagnostic laparotomies, to say the least, of 
laminectomies and trephinings for the same purpose as advised 
by a certain prominent surgeon. 

If, on the other hand, there exists the slightest probability 
that the patient may be saved by an operation from what ap- 
pears to be a hopeless disease, we should not hesitate to mterfere. 
1H9 
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III these cases, even when the diagnosis is uncertain, we are jus- 
tified in considering laminectomy, which in itself is not a serious 
operation. 

The differential diagnosis hetween extrainedullan,' and intra- 
medullary tumor is generally impossible. If the latter be sus- 
pected, laminectomy is indicated, because some forms of real 
sjHnal tumors are. in my opinion, technically operable, and the 
removal of the vertebral arches with splitting of the dura mater 
affords at least more room for the growing tumor, and is. there- 
fore, to be looked upon as a palliative operation (decompression) 
of value. 

Prognosis 

Experiences in this respect gathered from one clinic, whose 
cases and number of operations are many, are most conclusive. 

I am, therefore, giving my own statistics to the end of July, 1911. 
From these the lauiinectomies for various injuries and for tuber- 
culous spondylitis are left out, and of neoplasmata of the verte- 
bral colmiui only five that came for operation with a wTong 
diagnosis of intravertebral tumor, are considered. 

I have opened the vertebral canal for tumor or conditions giv- 
ing a similar symptomatology (meningitis serosa chronica, indu- 
rations) 45 times in all. These 4.'5 operations were performed on 
44 patients (in one case the operation was necessary at two dif- 
ferent times). 

Twenty cases were operated upon for neoplasmata of the 
dura mater or the soft coverings which grew toward the cord; 

II fibrosa rcomata, one with myxomatous changes; 1 fibroma, 
1 psauunonia, 1 lipoma, 1 angiouia, 3 angiosarcoinata, 2 psam- 
niosarcomata, and 1 extensive malignant endothelioma. In one 
case a non-removable intramedullary neoplasm was encoinitered. 

Of the o cases of neoplasm springing from the vertebral 
bodies, 2 were enchondroniata and T exostosis, which could be 
removed with the chisel; '2 were sarcomata, 1 myelogenous sar- 
coma, and 1 periosteal soft, round-cell sarcoma — both inoperable. 
In these two operations decompression by laminectomy was done 
and as much tumor-tissue removed as possible. 

Solitary tubercle was found and extirpated twice. Three 
operations were performed for tubercidous indurations and one 
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for syphilis. In a 6fth case the histologic examination failed to 
disclose specific tissue metamorphoses. 

The remarkahle manifestations of chronic serons spinal 
meningitis were found eleven times and the acute once. 

I have operated on the cervical portion of the spinal cord ten 
times and have opened the dura nine times. In two of these 
cases I had to remove the arch of the epistropheus, and in these 
two cases, which were the most serious of the whole series, re- 
covery ensued. In view of my experiences, I would not hesitate 
to resect the posterior arch of the atlas and expose the medulla 
ohlongata by removing the hone siiiToundiug the foramen occi- 
pitale magnum. 

I mention this emphatically, hecause Fr. .Schultze' has cor- 
rectly diagnosed a compressing neoplasm at the level of the atlas 
in the ease of a laborer, thirty-six years of age, whom he failed 
to refer to the surgeon for operation on account of the "danger- 
ous territory in which the tumor was located." The patient died, 
and the post-mortem examination disclosed an entirely renieili- 
ahle state of affairs — an extradural encapsulated and enucleai)le 
tumor the size of a walnut which shut off the right half of the 
foramen magnum and on the left formed a cleft for the passage 
of the medidla. Since the tumor was a fibroma or fibrosarcoma, 
the patient could have been saved. 

Twenty-.seven operations were performed on the thoracic por- 
tion of the cord and the dura was split twenty-four times. The 
lumbar portion was attacked eight times, and the dura mater 
ojiened six times. 

Nine of my patients died immediately after the operation, 
viz., four in collapse (three of tltese did not lose much blood). 
Two of these operations were performed on the cervical cord, 
one in the thoracic an<i one in tlie lumbar portion. In all four 
cases the dura Tuatcr was split lengthwise, corresponding to tlie 
entire extent of the wound. Death also resulted once from 
pyelitis in eight days, anil from pyelitis and broncho- pnenmon la 
after five days, and in one case from an unknown cause and with 
a healed wound eleven days after tlie operation (post mortem not 



' Zur DiatcnoBtik und operativi-n Behandlunir der RiickenmBrkBhautiteBchwUlste. 
— Mitteil. a. d. Grenzgeb. d. Med. u. Chir.." 1903. Bd. XH, p. 157 f, 
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permitted) ; once from double pneumonia ten days after the 
operation ; and only once from purulent meningitis. In this last 
patient there was decubitus, with paralysis of the bladder and 
ichor. In order to remove the tumor, I had to remove the arches 
of six thoracic vertebrae (5th to 10th). While the course was 
entirely normal in the first five days after the operation, on the 
evening of the sixth day a chill, followed by fever, set in. The 
infection was therefore secondary to the decubitus, the putrid 
urine and the continually saturated dressings. 

Of the last twelve cases operated upon for intradural neo- 
plasm, only one patient died from pyelo-nephritis and exhaus- 
tion. All others were discharged from the hospital after com- 
plete healing of the wound. My results have of late considerably 
improved on account of the greater experience and improved 
technic. 

The condition of tiie spinal cord at tiie point of 

compression is naturally of the greatest possible importance 
for the prognosis. Even where damaging influences of pressure 
are exercising their deleterious effects upon the cord for a long 
time, its ability to recuperate will frequently surpass our expec- 
tations. I have observed, for instance, two cases in men, one 
twenty-four and the other twenty-eight years of age, who, as a 
result of intradural neoplasmata in the cervical cord, were almost 
completely paralyzed in all four extremities, and in whom after 
a few months a return of almost all fimctions took place. Even 
during the operation we could see the deep trough in the spinal 
cord become flattened. 

The cord seems to be especially resistent to gradually increas- 
ing pressure such as is exercised by neoplasmata. Sudden com- 
pression, on the other hand, such as results from a bullet-wound 
or other penetrating injury, is capable of producing a permanent 
interruption of conduction, even though operative exposure does 
not disclose marked changes on the visible surface of the cord. 

Of course, where excessive compression is exercised by the 
tumor upon the cord for too long a time, successful extirpation 
will not alwavs restore its conductivitv. 

We may mention in this connection the case of a merchant, 
twenty-nine years of age, in whom an encapsulated sarcoma of 
the extraordinary extent of 90 nmi. was removed in two stages 
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on account of collapse of the patient on the operating table, leav- 
ing an interval of ten daj-s between the two procedures and sac- 
rificing the arches from the 1st to the jth thoracic vertebra*. 
The violet, firm neoplasm (fibrosarcoma) occupied the entire 
exposed surface of the spinal cord to a width of 20 mm., and 
had to be split in the middle in order to extirpate it from the 
much-compressed cord without inflicting great injury to its snb- 
.stance. The thickness of the tumor at the point of its incision 
was over 1 cm. 

The trouble began two years before the operation, with ex- 
tremely violent neuralgic pains in the shoulders. Six montlis 
later the right lower extremity, and six weeks thereafter the left 
lower limb, became paralyzed. Severe disturbances of the blad- 
der and the rectum occurred simultaneously and extensive de- 
cid)itus ulcers added to the misery of the patient, and sixteen 
months before the operation a total interruption of conduction 
set in, which extended to the level of the 5th rib. Since tlie 
tendon and skin reflexes were highly exaggerated during the 
entire time of observation and the paralyses after the operation 
were of a decided spastic nature, I entertained hopes for the re- 
cuperation of the tracts within the spinal cord. However, we 
were much disappointed in that not a single function was re- 
stored nine weeks after the operation or at the time when the 
patient was discharged from the hospital. 

The 

Duration of the Healing of the Wound 

bus already been spoken of above. 

The final cure of the paralyses usually takes a number nf 
months. However, it may last a year or more, until the func- 
tions of those portions of the cord and nerve-roots return as 
nuieh as the anatomic changes will permit. I have seen a de- 
cided improvement in the remaining paralyses two years aftei- 
the operation. 

I have never seen a recurrence, even in sarcoma of the 
arachnoid. 

Concerning neoplasmata of the membranes of the spinal cord, 
we are justified in speaking of a cure in those cases in which tlie 
remaining distiirl)anees will at least jiermit the patient to walk 
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about even with the support of canes. I can recall twenty 
such cures in thirty-five patients successfully operated upon by 
myself. Fourteen of these were complete cures, i.e., either no 
remnants whatever of the paralyses could be demonstrated, or 
they were so slight that they could practically be considered nil. 

A man, twenty-four years of age, who was paralyzed in all 
extremities, was able, a year after the operation, to ascend the 
Hermann Monument at the celebration of the War of the Teuto- 
burg, and is at present studying medicine. Another patient, who 
was also in an apparently hopeless condition, is now a director 
of a chemical laboratory and is able to walk ten miles at a stretch. 
Both of these patients were afflicted with tumor of the cervical 
cord. 

In the dorsal portion of the cord I have had six excellent 
results, one in its limibar portion and one in the cauda equina. 
With reference to the dorsal cord, I have observed the regression 
of the paralyses in a woman, thirty years of age, twenty-four days 
after the operation, so that she was able to walk about. We have 
also seen a man, forty-three years old, who was suffering from 
a psammosarcoma of the arachnoid at the level of the arch of the 
7th cervical vertebra and extending to the 3d thoracic vertebra, 
to leave his bed twenty days after the extirpation and to walk 
about in three more days when supported on the arm by a nurse. 
In the case of a woman, sixty-seven years of age, the extirpation 
of a tumor on the anterior surface of the cord, complete cure 
was obtained, with the exception of slight residual symptoms. 

In three of my other cases the paralyses improved only 
slightly or not at all; so that the patients were discharged un- 
improved. In one of these cases the tumor was situated on the 
anterior surface of the dorsal portion of the spinal cord, and in 
the other instance it was posterior and laterally, and a com- 
plete paralysis of the lower half of the body persisted for almost 
two years. In the third case I was unable to completely extir- 
pate the very extensive sarcoma in the region of the lumbar por- 
tion of the cord and the cauda equina, evidently because it was 
not encapsulated. 




Neoplasmata and Tuberculosis of the 
Vertebral Column 

In neoplasmata springing from the bone, the medulla, and 
the periosteum of the vertebral cohinin, we distinguish two 
clinically entirely different groups. One of these {the more 
important) comprises those neoplasmata which principally or 
exclusively project into the vertebral canal, narrowing it and 
occasioning thereby all manifestations produced by neoplasmata 
of the spinal cord and its membranes. Their anatomic compo- 
sition may be benign, and if so, are represented by OSteomata^ 
enchondromata or fibromata. For enchondroinata I am 
citing the .following observation. 

OBSERVATION XVIII. 1 

Infravertebral Enchondroma of the Bodj/ of the Sirlh Cervical 
Vertebra. Eight Days After the Operation. Death from 
Exhatistion. Diphtheritic Cystitis and Pi/elitin. 

A woman, twenty-two years of age, observed five years prior 
to her admission to the hospital, weakness and partesthesias in 
the lower extremities which first began on the left side. When 
sitting, she perceived pains in the back and was therefore obligeil 
to remain in the reclining position. After a few months a weak- 
ness ill urination was rioted and she perceived pains in the hypo- 
chondrium when attempting to assume the erect posture. For 
about a year and a half weakness and twitchings in the left arm 
and partesthesias in the little finger were noted. She observed 
that the left hand always felt iint and the right cold. In the 
summer of 1907, evening rises of temperature to 39" C. and 
morning rises to 37" C. persisted for about a month and a half. 
Before the trouble began striking changes were observed in the 
finger-nails at first of the right hand and later on in the left. The 
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mother of the patient also showed these ungual changes. They 
consisted of conditions as found in onychogryphosis, more 
marked on the right side. Besides these there were likewise so- 
called " Dnmimers* fingers." 

In October, 1907, she was examined by H. Oppenheim. Con- 
siderable w^eakness was observed in both lower extremities, es- 
pecially in the left. The latter could be lifted from the sheet 
with slight power for a distance of about a foot. Flexion and 
extension in the knee-joint were fairlj'^ powerful and the exten- 
sion in the ankle-joint was incomplete, while flexion was some- 
what more powerful. There was also continuous varo-equinus 
position of the same limb. The movements of the right lower 
extremity were much better. There was considerable rigidity in 
both lower extremities, with decided ankle and toe clonus of the 
left side. Bahinshi, Oppenheim, and Bechtererc-Mendel were 
distinct on both sides. 

The power of both upper extremities, especially that of the 
right arm, was practically normal, while the hand-shake of the 
left side was very weak, and there was also an atrophic paresis 
of the interossei and an inabilitv to adduct the 8d and 4th fin- 
gers. The tendon phenomena of the upper extremities were 
also exaggerated to a pathologic degree, especialh^ in the left. 

Tactile anaesthesia was found in many places of the right 
lower extremity, but nowhere on the left side; the temperature 
sense was also reduced in the right lower limb. Pricks with the 
needle were perceived in the right leg and foot as painful. The 
sensation was less marked here than on the left side, in which 
limb, especially in the foot, the sense of pain was above normal. 
Disturbances in the sense of position were present in both lower 
extremities, and in the left big toe it was entirely absent. Tactile 
anaesthesia of the trunk extended upward to the lower border 
of the 2d rib, and was the same on the right side also. It con- 
tinued to the median side of the left arm. The zone of analgesia 
corresponded to that of anaesthesia. 

The abdominal reflexes were present on both sides. The left 
pupil and the palpebral fissure were narrower than the right. 

When the patient attempted to sit up or lie down, she per- 
ceived pain in the upper dorsal region between the shoulder- 
blades. The spinous process of the vertebra prominens was ex- 
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tremely sensitive, and the process of the 3d thoracic vertebra 
was the same. 

The patient was referred to me by H. Oppenheiniy with the 
following report : 

"The patient presents s^miptoms which cause us to think of 
a neoplasm in the region of the upper dorsal or lower cervical 
cord, especially on the left side. Many factors, especially the 
gradual onset of the process in an upward direction, speak for 
an intramedullary seat of the trouble. Trophic disturbances of 
the finger-nails strengthen this view (gliosis). The decided sen- 
sitiveness to pressure of the vertebral column, especially that of 
the 3d and 4th dorsal vertebrae, is remarkable. Dr. Immelmann 
believes he has found a change in the bone on the X-ray plate. 
I am sceptical in this view." During the operation Dr. Immel- 
mann was found to be correct. '*! suspect the morbid condition 
to be about the level of the 7th cervical vertebra. It is possible 
that, outside of the extrameduUary neoplasm, an accumulation 
of liquor is present above it at the level of the 3d dorsal ver- 
tebra, which gives rise to the symptoms observed in the left arm. 
In view of the hopelessness of the condition, I would advise 
operative intervention, not laminectomy, but puncture of the 
.subarachnoid space through the arch of the 1st thoracic vertebra, 
which would relieve the tension consequent to the accumulation 
of liquor, if such be present, and thus enhance the making of a 
correct diagnosis." 

After further consultation we decided on laminectomv at 
the level of the 7th cer^'ical to the 3d thoracic vertebra. After 
removal of the 2d arch the dura appeared bluish-red in color, 
verj^ tense, and it did not pulsate. After further exposure the 
arches of the 1st thoracic to the 7th cer\ical vertebrae were re- 
moved. At the level of the 7lh cer^^ical vertebra a bluish-white, 
glistening, cartilaginous structure the size of a pea was found 
on the left side of the dura near the vertebral canal, which dis- 
placed the dural sac to the right and anteriorly, and extended 
farther above (see Plate I^XII, Fig. a). For this reason the 
arch of the 6th cer^'ical vertebra was removed, which exposed 
the upper end of the tumor. Above it distinct pulsations of the 
dura were visible. The neoplasm was visible only from the left 
side and its greatest portion was hidden from view by the sac 
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of dura overlying it. It extended from the 7th to the upper bor- 
der of the 6th cervical vertebra. It was an extradural tumor — ■ 
an enchondronia springinff from the body of the vertebra. The- 
left side and anterior surface of the sac of the dura were blended 
with the surface of the tumor, and it was separated with the ras- 
patory as bluntly as possible, without subjecting the cord to 
pressure (see Plate LXII, Fig. b). During this procedure the 
7th cervical roots came to view. 

In order to save the cord from injury the base of the tumor,, 
corresponding to the body of the 6th cervical vertebra, was di- 
vided by a few smart blows with the mallet, and the tumor bluntly 
luxated in such a manner that the surface of the hammer brought 
it to view from the vertebral canal from left to right, and care 
was taken that it should come in contact with the surface of the 
dura as little as possible. Despite the greatest of care, the dura 
tore at the level of the 7th cervical vertebra on the left side to- 
ft length of 2 cm. and a considerable quantity of liquor was evac- 
uated. After the removal of the tumor the exposed dura pul- 
sated visibly. The spinal cord was compressed to a flat ribbon 
at the site of the tumor. The remnants of the neoplasm within 
the body of the 6th cervical vertebra were taken away with a 
sculptor's chisel. The tumor was the size of a walnut {see Plate 
LXII, Fig. c). The cavity in the bone corresponded to the 
size of the 6th cervical vertebra. 

The tumor consisted of transparent, cartilaginous tissue, and 
had a nodular, glistening surface. 

The much-affected patient, who suffered for a long time 
from a severe cystitis, became weaker after the operation as a 
result of the marked discharge of liquor. She died eight days 
later from exhaustion. The post-mortem examination (Profesaor 
Dr. Ocstreich) showed the wound of the operation to be in 
good condition. In the region of the operation a slight extra- 
medullary hemorrhage was found, which infiltrated the arach- 
noid in an upward and downward direction. Xo meningitis. 
A slight remnant of the enchondronia was found in the vertebral 
canal in the form of a white mass, which extended through the 
intervertebral foramen to tlie front. The white tumor-mass had 
the form of a flat disc, the size of a dime. In the region of the 
tumor the spinal cord was thinned to 2I/2 cm. and soft. The 
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area of softening lay immediately below the cervical enlarge- 
ment. 

The bladder was filled with an ichorous, purulent fluid; it 
had a red, hemorrliagic appearance, and was in part diphtheritic. 
In tlie pelvis of the right kidney hemorrliagic hypera^niia ex- 
isted. Both kidneys were cloudy and yellowish. The spleen was 
smalt, soft, and its cut surface was moist. The heart was brit- 
tle, very cloudy, and its valves were intact. 

The second form, the malignant tumors, affect the 
vertebral column either primarily and will then show 
the histologic picture of a periosteal or- myelogenous sarcoma, 
or they are secondary metastatic neoplasmata, which are 
mainly of carcinomatous nature. The carcinoma projects, as a 
rule, from without inward toward the spinal cord. Metastases 
in the substance of the cord itself are very rare, yet such cases 
have been reported. ./. Or/ft,' for instance, describes the case 
of a man, fifty-eight years of age, who was suffering from a pri- 
mary carcinoma uf the lungs and bronchi, in whom, outside of 
numerous metastases in the left frontal and temporal lobes of 
the brain, a carcinomatous nodule of the lumbar portion of the 
spinal cord was found. "At the end of the lumbar enlargement, 
ahout y^ cm. above the filuni, a marked nodular thickening is 
apparent, which runs downward to a point. The consistency of 
this swelling is firm. Transverse section of the spinal cord in 
this region discloses only the left third of the white substance, 
while the middle and the right third (the latter almost totally) 
are intiltrated by a knotty tumor of grayish-red color." 

The diagnosis that the tumor does not originate from the 
spinal cord or its membranes, hut from the vertebral column, 
can only be made when the X-ray picture offers conclusive evi- 
dence to that effect or when the focal manifestations of the ver- 
tebral cohnnn point invariably in that direction. In the latter 
respect, deformities from without nr palpable swellings in the 
[>elvis or through the abdomen, local sensitiveness to pressure, 
.spontaneous pain in certain sections of the vertebral column, 
rigidity in the movements and pain during their execution, were 

' Bericht ubpr das Leichenh&us des Charitf-RrnnketihauBes fiir daa Jahr 1909. 
Charite-Annalen XXXIV. Jahrgr. Sekt . No. 12ES. 
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the leading symptoms. However, all these signs frequently 
lead us astray and we decide to operate, and when confronted 
with the real nature of the trouble, we are convinced that to 
have abstained from the operation would have been the better 
course. 

If an elderly patient be the sufferer from a primary carci- 
noma, or if he undergoes an operation for his tumor, the mani- 
festations, appearing later in the form of a pressure-paralysis 
•of the spinal cord, will at once cause us to think of a metastasis. 
INIetastatic carcinoma of the vertebral column is not at all un- 
common in women who have suffered from, or, perhaps, have 
imdergone an operation for cancer of the breast. 

In instances where a diagnosis of tumor of the vertebral col- 
umn (of the second group) has been made, which restricts the 
space of the vertebral canal at a later stage, an operation is gen- 
erally contraindicated, for in most of these instances we are 
dealing with sarcomata which cannot be removed to the desired 
extent. If the manifestations referable to the spinal cord are 
severe, especially in violent pains, laminectomy is to be taken 
into consideration. It is to be performed, of course, when the 
strength of the patient is in tolerable condition. Its function is 
to release the spinal cord and the posterior nerve roots from the 
injurious pressure occasioned by the intravertebral tumor sim- 
ilar to cases of tuberculous spondylitis. Resection of the sen- 
sory roots should be practised in severe neuralgias. The spinal 
cord will then be able to expand in the direction away from the 
tumor in the cleft created and, since during the performance of 
this operation the dural sac need not be opened, the procedure 
is not particularly dangerous. 

This palliative measure has given me satisfactory results in 
a few cases, and deferred for a period of eleven months the 
death of a girl eighteen years of age who was suffering from 
general sarcomatosis. Resection of the arches of the 2d and 
3d thoracic vertebrae in a man fifty years of age brought to view 
a dark brown-red, lobular mass, which compressed the dura from 
the left side and continued upward to the nearest arch. The re- 
moval of the latter showed the neoplasm also on the right side 
of the spinal cord. It had surrounded the dural sac. While 
the sarcoma was intimately united with the dura, its removal 
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from it was possible. In this case also improvement was noted 
in the way of cessation of the pains. 

Despite all progress made in diagnosis, we must confess that 
in a great many cases it is, unfortunately, impossible to decide 
whether the tumor originated in the membranes of the spinal 
cord or from the bones of the vertebral colunm. AVhen a de- 
formity of the spinal colimin or unusual pain points to its affec- 
tion, tumor of the vertebral column may be suspected. In most 
cases, however, where the tumor originates from tlie inner sur- 
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Fig. 180 

face of the arches or from tlie posterior side of the bodies of the 
vertebra', their recognition remains uncertain even in tliose cases 
where the neoplasm has grown through the body of the vertebra 
and the destruction is extensive. Kven in these cases the spinal 
colunm may remain freely movable and free from pain. 

The surest diagnostic nietiiod is the X-ray picture, when it 
offers conchisive evidence. Fig. 181, on page 1162, shows a sar- 
coma of the bodies of the 3d and 4th cervical vertebrfe in the 




In intravertebral tuniors the bodies of the vcrtebrie may also 
be sympathetically affected in a certain measure. While in the 
rarest forms of soft sarcoma (angiosarcoma) the bodies of the 
vertebrie may become infected {as I have seen it occur in the 
case of a woman, fifty-six years of age ) , in equally rare instances 
the vertebra sliow a picture of atrophy familiar to the surgeon in 
operations upon the bones of the extremities. In the resec- 
tion of joints ue may occasionally be able to cut the femur or 
the end of the tibia in adults, with a strong knife. The medul- 
lary spaces are widened as a result of disuse, tlie trabecidie <'f 
the spongiosa arc gone or rarified, and tlie cortical portion is 
also atrophic. I have seen a similar picture in the otherwise 
firm arches of the lumbar vertebnc in the case of a woman iu 
her .'iO's, in whom the 1st to the .'id liniibar vertebra? had to be 
removed for angiosarcoma of the dura mater. The bone showed 
a typical picture of atrophy, but was otherwise sound and not 
.affected by the neoplasm. 




spinal Paralyses in Tuberculosis of the Bodies 
of tiie Vertebrae 

Tuherciiloiis spondylitis may require operation for the 
kyphosis, intra vertebral granulations or, perhaps, accumulations 
of pus that compress the spinal cord. Compression of the cord 
is also occasioned when a sequestrum of hone becomes loosened 
from the body of a vertebra and is displaced into the vertebral 
canal. Secondary stagnation of liquor to a limited extent may 
also give rise to paralyses of the cord or contribute to their 
completion. 

Pareses of the extremities of long standing, as well as dis- 
turbances of the bladder, anomalies of sensibility and of the re- 
flexes, may improve under treatment by extension. These im- 
provements are brought about by relieving the spinal cord from 
the kyphotic curvature of the vertebral column, resorption of 
the vertebral abscesses and by shrinking of the granulations 
there present. All of these factors may, of course, he opera- 
tive in one case. This fact indicates that in cases of spondylitic 
paralyses we may wait a long time. Not only in children but 
also in adults of forty years or over, in whom I have accom- 
plished the desired results by orthopedic measures, an opera- 
tion should only be decided upon when the usual methods fail. 
Of course, we must not wait too long and thereby permit the 
injured conduction of the spinal cord to become very bad or 
permanent. 

Tlie manifestations prnduced by compression of the nerve 
roots and of the spinal cord, are not infrequently developed be- 
fore positive symptoms of disease of the vertebral column make 
their appearance. The symptomatology of cases in which caries 
of the vertebral colimin has caused only granulation or exuda- 
tion into the vertebral canal, cannot be clinically distinguished 
from intravcrtebral neoplasmata. The course of spondylitis, 
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when symptoms referrible to the roots or involvement of the 
spinal cord appear, is generally rapid, for we are dealing with 
inflammatory processes, the oedema of which exercises its morliid 
influences upon the cord more quickly than the slow-growing" 
tumors. This symptom, however, is not of great value in the 
differential diagnosis, because transverse lesions may quickly 
develop in instances of tumor. 

It is generally possible, however, to recognize the etiologic 
factor in paralysis of the spinal cord in caries of the vertebne. 
The characteristic clianges in the vertebral column are rigidity 
and pain on movements and sensitiveness to pressure. The sen- 
sation of pain is best tested, as recommended by Fiiedrich 
Schultze, by guiding the finger along the spinous processes of 
the vertebra; from above downward, or vice %-ersa, asking tlie 
patient at «hat point the sensation changes. So sharp an cmt- 
line. as found in intra-vertebral tumors, is only exceptionally 
found in caries. Still, all these symptoms are occasionally ob- 
served in cases of tiunor, and may therefore be very misleading. 
Gibbus- format ion, and especially the characteristic form of 
Pott's kyphosis, are observed only in tuberculous spondylitis. 
Only metastatic and primary tumors of the vertebral bodies may 
give rise to mistakes in this respect. In doubtful cases X-rny 
examinations should never be omitted. 

If operation is decided upon, laminectomy is per- 
formed, as described above. With reference to the point of 
surgical attack, this does not always correspond to the point 
where the gibbus is most prominent, because compression of 
the cord may be occasioned, as stated above, by granulatiriiis. 
abscesses, or exudation and stagnation of li(]uor, and also liy 
pathologic processes which are occasionally higher or lower than 
the seat of the disease in the vertebra. In such cases exact seg- 
ment diagnosis is of inestimable value for the surgical inter- 
vention. 

In extensive gibbus-fonnation special precautions must be 
taken. Since the hidividual bodies of the vertebne are de- 
stroyed anil the arches have to be taken away, the strength of 
the vertebral column depends upon the articulations of the trans- 
verse processes. It is. therefore, necessary to have the patient 
i» a certain steady position during the operation in order not 
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to injure the cord by careless movements. While the patient is 
being operated upon, it is best to have some assistants exercise 
moderate traction upon the lower extremities and shoulders. An 
especially difficidt case follows as an illustration. 



OBSERVATION XVIII, 2 

Spuiidiflitis of the Thoracic Portion of the Vertebral CoUiinn 
which Became Aggravated After an Acute Attack of Vari- 
cella and Ciilmiiiftted in Transverse Parali/sis. Abscess of 
the Mediastinum Posficiim. Very Gradual Improvement, 
but Lasting Cure for Ten Years After Laminectomy and 
Corresponding Treatment of the Tuherculou.8 Foci. 

A boy, six years of age, "'as brought to the Augusta Hospital 
in October, 1900, suffering from tuberculous spondylitis at the 
level of the 8th thoracic vertebra. The kypliosis was rectangular. 
There was no paralysis of the extremities, the bladder and rec- 
tum were not involved and the patellar reflexes were retained. 
The boy could walk without diflicidty. When attempting to 
pick up an object from the flour, lie supported himself with the 
hand on the anterior side of tiie thigh. He was discharged 
from the liospital in November with a plaster-of-Paris corset, 
and at the end of January, 1901, he returned to have it removed. 

On the 12th of February, 1901, he developed varicella with 
%'ery extensive eruption, and his trouble became verj' much ag- 
gravated in the following fourteen days, so that he could not 
stand up witliout support. The faradic test of all nuiscles gave 
good reaction. The creiMaster reflexes and the abdominal-wall 
response were absent below tlie navel, and above it they were 
exaggerated. The tests of sensibility showed nothing abnormal. 
The boy evacuated his bladder and rectum involuntarily, and he 
was barely able to keep back his urine for ten minutes. He had 
imperative incontinence (L. Bruns). 

The progress of the disease was so rapid that in the begin- 
ning of JMay, 1901, both lower extremities showed a spastic 
paralysis, and the urine and fa;ces could not be retained at all. 
Ilis general condition became so much aggravated that the prog- 
nosis was very gloomy. The hoy later collapsed in his bed with 
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irregular temperature. lie was markedly dyspnoeic and en- 
tirely without appetite, in a condition of extreme dejection. AW 
methods of treatment (Rauchfims's sling, extension and internal 
therapj ) were all useless, and operation was suggested, with 
very little hope of benefiting, hut with thoughts of, perhaps, 
bringing the evidently hopeless condition to a standstill. 

The boy was operated on June 21, 1901. He was so placed 
that one assistant supported the trunk above the gibbus and im- 
other held the pelvis in order to avoid any pulling upon the cord. 
Tlie removal of the spinous processes and arches of the 5th to 
8th thoracic vertebra; with the rongeur forceps showed the ver- 
tebral bodies destroyed by tuberculous caries, viz., the two sur- 
faces opposing each other and the third next above on its lower 
surface. The tuberculous granulations were also found on tlie 
anterior wall of the arches to the extent of about 3 cm., eleva- 
ting themselves about the middle in humplike fashion, so tliat 
compression of the cord resulted. The bending corresponded 
principally to the level of the 7th areli. The conditions were 
approximately as in the specimen depicted in Fig. 182. The 
cord was liberated from the pressure exerted by the carious 
bones and the dura not opened. During the operation a large 
quantity of pus. intermingled with friable fragments, was evac- 
uated from the right side of the vertebral column. Following 
up with my index finger the tract from which tlie pus drained. 
I came through the softened hones into a large abscess cavity of 
the vertebral column into the posterior niediastinuin. After the 
abscess cavity was evacuated with small sponges held in forceps 
and the abscess membrane, bone-sand and cheesy, ragged por- 
tions of tissue were removed, a drain was introduced between the 
two destroyed bodies of the vertebrse and placed into the pos- 
terior mediastinum between the bones and the cord protected hy 
the dura, and after the introduction of a number of strips of 
iodoform gauze the wound was sutured. The dressing sur- 
rounded the entire trunk. 

It was no small task to manipulate the boy during the oj)er- 
ation and thereafter, without causing compression of the already 
injured cord. Three vertebral bodies were destroyed hy the 
caries, their arches had to be taken away and the firmness of tlils 
section of the vertebral column depended upon the joint-connec- 




TuIltcuIous SiMtndyliti 
I'he bodit-g of the scocmd and third thi 
traet-s of the first body left. 



I Boy FAght Years (if Arc. 

L-rti'bnc completely gone. Only 
s in front of diiral ksc. 



Tlie healing of the woiintl was satisfactory throughout; the se- 
cretion was imconmioiily profuse and the dressings were fre- 
quently saturated with urine. Despite all this, the wound healed 
in the course of four weeks, so that tlie patient could take a bath. 
Two fistuliE still persisted on the gibbus, which closed gradually 
and, later on, broke open again for a short time, Xow and then 
irregular elevation of temperature was observed, which could 
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only be attributed to the morbid process within the vertebral 
canal. 

The spastic contractures of the hips and knees which devel- 
oped in the boy, while in the lateral position (wliich he pre- 
ferred), gave us much trouble. All efforts to correct them by 
the use of extension dressings, splints, sand-bags, and the like, 
were successful only for a short time, but as s(Mm as the extrem- 
ities were released they assumed their contracted position again. 

The whole summer of 1901 passed without the slightest 
changes in the paralyses for better or worse. The only consola- 
tion we ha<l was that the boy was playful throughout the entire 
time and that he recuperated wonderfully. lie took interest in 
a great many things and developed an enormous appetite. It is 
a well-known fact that paralyses in these cases disappear only 
after a very long time. Finally, about the middle of October, 
1901 (almost five months after the operation, after the wound 
had long been cicatrized firmly), the first signs of regression of 
the paralyses were noted. The patient was tiien able to move his 
left foot voluntarily, to flex it dorsally and plantarward and to 
rotate it. In the right foot voluntary movements were observed, 
but to a smaller extent. The spastic contractures unfortunately 
interfered a great deal with the after-treatment, although tliey 
were not as intense as before. Changes in the joints had at that 
time already developed. 

The after-treatment consisted in the use of electricity, mas- 
sage, warm baths and regular active and passive movements. 
Efforts were constantly directed to overcome the contractures 
by padded splints, sand-bags and the like, in which we were 
finally successful. The boy gradually began to crawl around in 
bed, at first very awkwardly, and to actively move his lower 
extremities in the hip and knee joints. From this time on, im- 
provement of the paralyses steadily progressed and, despite the 
nun)erous tuberculous abscesses and the left-sided pneumonia 
{in the fall of 1902). he progressively improved. In August, 
1902, the patient made such progress that he was able to use 
VoUcmann's walking-stool. In November, 1902, he was able to 
walk tolerably well when supported with one hand, and wlien 
guided by both hands his walk was satisfactory. When lie 
placed his hands into the trapeze rings, he remained in this po- 
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^k relief of the rciiiaiiiiiig paralyses of tlit- ri^ht ()itHilniX')W 
'enioris. As a result of these paralyses anil the cimlriu'Iiiivs t»f 
the flexors, he was able t<i walk nnly when he liDisiu-il his riKhl 
Ihiffh with his hand below the iiiiilille nrul strongly pressed it 
backward. [ substituted the paraly/ed tiiHulrieeps wilh the 
flexors of the leg, and sitiee that time the putieiil has been abji' Id 
walk about with a splint-apparatus, even without the snpimrt oC 




1172 SURGEKY OF TIIK SpiNAL CORI) 

III most instances, but not always, the removal of the verte- 
bral arches is sufficient to accomplish decompression of the spnial 
cord. Yet the cord surrounded by the dura mater may be 
stretched across an osseous projection in the vertebral canal 
like a violin-string over the bridge. If the dura is bound down 
to the surrounding tissues by adhesions, which prevent its get- 
ting out of the way, laminectomy alone will not suffice. The 
dura must then he detached from the posterior surface of the 
vertebral bodies with an elevator, the cord displaced to the side 
with great care, and the projecting portions of bone or perhaps 
a sequestrum removed. If this be successful without traction 
on the cord, the tuberculous foci may then be thoroughly scraped 
out with the sharp spoon or with a small, hollow sculptor's chisel. 
Extreme caution is necessary in handling the nerve roots; for, 
as stated above, one or two posterior roots, especially of the dor- 
sal jH)rtion of the cord, may, if need be, sacrificed without caus- 
ing appreciable damage. 

If the compression be due to an extradural abscess or granu- 
lating masses, laminectomy and removal of the morbid exuber- 
ances will suffice. Should a recurrence take place, the cord will 
have room to get out of the reach of the morbid process through 
the cleft in the bone posteriorly. The opening must, of course, 
be sufficiently large and extend laterally to the articidar processes 
of the vertebrse. Since I am not particular in saving the perios- 
teum of the arches, regeneration of bone will not take place. 

In rare instances where the tuberculous disease originates in 
the arches of the vertebra, the compression may be caused by a 
sequestriun from their anterior surface, in which case the re- 
moval of the affected arch will lead to a cure of the original 
trouble. However, such favorable conditions in caries of the 
bodies of the vertebra; are extremely rare. Kvery experienced 
surgeon knows that surgical tuberculosis is curable and fre- 
quently docs heal; and that decompression of the cord after a 
certain time of orthopedic treatment is entirely justifiable, and 
that the belief that tuberculous foci cannot be entirely eradicated 
even by extensive operations, is not justified. 

Generally speaking, the dura mater should not he opened in 
these operations, for the masses are extradural withni the ver- 
tebral canal. Besides, the exposure of the aa*aclmoid spaces may 
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lead to tuberculous infection. However, if there be marked 
liquor tension and the extradural changes be slight, splitting of 
the dura in a longitudinal direction is indicated. In order to 
avoid any possible chance for infection, such operations should 
exceptionally be performed in two sittings. The dura is then 
spHt from five to eight days after the laminectomy, care being 
taken during the first operation to remove as much as posyil)le 
of the tuberculous tissue from all recesses and cavities and all 
exposed surfaces, including the wound in the bone, and the soft 
tissues being then plugged with iodoform gauze. This drug is 
still the best in surgical tuberculosis. The muscles and skin may 
be sutured over the iodoform tampon which projects from the 
wound. My numerous experiences with bone and joint tuber- 
culosis have taught me that the action of iodoform on tuber- 
culous tissues is greater in woiuids from which the air is ex- 
cluded than in open surfaces. I have reported this in 1890 
i("Deutsche niedizinische Wochenschrift"). 



Acute Osteomyelitis of the Vertebral Column 




Acute infectious osteomyelitis of the vertebral coliinin oc- 
curs, though rarely. As in any other part of the skeleton, the 
disease attacks young persons hy preference and affects most fre- 
quently the himbar portion of the spinal column. The suppura- 
tive (frequently multiple) foci may develop in the bodies of the 
vertebriP, in the arches and their processes. Tlie extension of 
the suppuration is similar to the propagation of the tuberculous 
foci — in the intervertebral discs and on the anterior surface of the 
bodies, where large abscesses may form. It may also break 
through the lateral articulations on the cer^'ical portion or 
through the articulation of the atlas. It only rarely happens that 
the destruction of the vertebral bodies is so great that a gibbus 
results, as seen in cases of tuberculous spondylitis. 

The observation of importance in this respect is the fact that 
the spinal cord may in these cases be sympathetically affected 
either by an accumulation of pus within the vertebral canal alone, 
or the inflammatory cedema consequent to the focus of infection 
may easily lead to severe manifestations of compression. Be- 
sides this, the soft membranes and the cord may, of course, occa- 
sionally be involved by direct infection. 

The disease usually runs its course under the manifestations 
of an acute infectious osteomyelitis with the familiar clinical 
picture of typhoid {"typhus des membres") ; but there are also 
subacute and chronic forms which are not always to be distin- 
guished from tuberculous spondylitis, 

Abscess-fonnation in the posterior and lateral portions of 
tlie entire vertebral column and also those affecting the anterior 
portions of the cervical and lumbar sections are readily diag- 
nosed. Their recognition, however, is more difficult when the 
thoracic portion is affected, in which case the pleura may become 
infected. Early wide-opening of the foci of infection alone 
prevents dangerous extension of the disease and often py»mi»- 
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The foci in the bone shoulrl be exposed ami ilrainetl — a con- 
dition which is not always possible when the bodies of the ver- 
tebrae are diseascfJ. If there be manifestations of compression 
of the spinal cord, laminectomy nnist be performed, and tlie 
carefnl displacement of the sac of dnra to the side may enable 
us to reach the posterior surface of the bodies of the ver- 
tebrfe, as previously described. The results in advanced men- 
ingitis by opening and drainage nf the dura are not promising, 
yet in view of the entire hopelessness of tlie condition, it may be 
tried. For the sake of completeness it may be mentioned that 
we have also to contend with Typhoid Spondylitis wliich 
affects principally the lumbar vertebrie. The disease is the re- 
sult of typhoid fever, and appears during its course, or two or 
three months after its cure. Cases of spondylitis, the result of 
influenza, pneimionia. and empyema, have also been reported. 



Syphilis and Actinomycosis of the Vertebral Column 
Osteochondritis and Syphilitic Periostitis of the 

vertebral colimui usually appear as tertiary manifestations of 
the disease and affect mainly the upper cervical vertebra.'. It is 
a real gnmmous caries, and tlie clinical manifestations of the 
disease are almost inseparable from those of tuberculous caries, 
for the picture presented by both is about the same, and in this 
instance it also leads to gibhus formation and sequestra. As in 
tuberculosis, the dura mater and spinal cord may be similarly 
affected. Cases are reported in which periosteal intra - 
vertebral guniniata have given rise to severe manifestations nf 
compression. 

Actinomycosis of the vertebral column is always :i 
secondary disease if the affection extends from the neighboring 
viscera and involves sympathetically the ligamentuni longi- 
tndinale anterius as well as the bodies of the vertebrfe. The 
symptoms of the organs first affected dominate the clinical pic- 
ture, and manifestations referrible to the vertebral column occur 
in the later stages of the disease, when a cure by the use of potas- 
.shim iodide or surgical measures can no longer be expected. 




Injuries of the Spinal Cord 



Any violence to the vertebral column may give rise to in- 
jury of the spinal cord. The range of injury is great and it may 
he a simple concussion or a complete traumatic destruction; the 
symptoms alone will, only in a few instances, enable us to make 
a positive diagnosis as to the severity of the injury to the cord. 
Concussion of the cord (commotio), and, to a greater degree, 
contusion, may give rise to more or less complete interruption 
of conduction. However, these disturbances usually regress, at 
least in part. 

If the paralysis of the cord continues, its perpetuation may 
be caused by the following morbid influences: extra- or intra- 
dural extravasations of blood, splinters of bone and divers for- 
eign bodies (bullets, point of a knife, etc.), which gain entrance 
into the vertebral canal. The displacement of fragments of bone 
or dislocated parts of the vertebral column may finally be the 
etiologic factor. 

Stab-Wounds 

may injure the spinal cord and its membranes, without touching 
the bones of the vertebral colunm. This Iiappens when the blade 
inflicting the stab finds sufficient room to enter between the 
vertebra! arches. Even, when a spinous process or a vertebral 
arch is perforated, the severity of the injury depends exclusively 
upon the degree of trauma inflicted upon the central organ, i.e., 
it depends upon whether the cut is produced by a sharp knife 
or whether it remains aseptic or becomes infected. A blunt- 
pointed blade may reach the dura and without cutting through 
it, contuse the cord. More frequently, however, the damaging 
instrument cuts through the dura and enters the central organ. 
Of all other forms of injury, stab-woimds are by far the 
most frequent cause of Broti^n-Scqiinrd's lateral lesion, even when 
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the division does not affect exactly half of the transverse scctioTi 
of the cord. The secondary manifestations, developing in connec- 
tion with trauma (hemorrhages, oedema, inflannnatory breaking 
down), complete the symptoni-coni plexus. If the stab he 
oblique, the opposite half of the cord alone may be involved, 
BroTcn-Sequard's paralysis does not naturally correspond to the 
entrance of the instrument. 

Leakage of liquor cerebro-spinalis is not invariably the re- 
sult. The thickness of the divided soft tissues are sufficient to 
prev^t it. 

A recent stab-wound is hardly an indication for operative 
inter\'ention, if there be no severe hemorrhage. The usual dis- 
infection anti aseptic bandage are sufficient. Probing is abso- 
lutely contraindicated. Contused, ragged, and dirty wounds 
should be treated acceu-ding to general principles. Foreign 
bodies of metallic nature are discovered by the X-ray and, if 
causing manifestations, should be removed. Otherwise, they are 
best left alone, for they may heal without reaction. 

Bullet-Wounds 
are frequently associated with complete transverse division of 
the spinal cord. In other cases, again, splinters of bone may l)c 
<lisloeated into the sac of dura, and the cord may be contused 
or torn to a considerable extent. According to my experience, 
a severe contusion of the cord, without injury to the dura mater, 
inffj' lead to incurable interruption of conduction. I observed 
this sad occurrence in n man, thirty years of age, in whom a bul- 
let, fired from a UroKiiiiig pistol, tore off the spinous process 
and arch of the 1st lunibar vertebra from right to left, and .super- 
ficially injured tlie dura mater. A few months after tlie in- 
jury the patient was brought to nie with progressive paraly.%is. 
Laminectomj' showed the dura unchanged outside of blood pig- 
mentation, and when split longitudinally it showed the cord 
apparently normal to inspection and palpation — maybe a lillle 
swollen. In order to gain a certain degree of decompression, the 
arch of the 2d lunibar vertebra was also taken away, the dura 
split to the entire extent of the cleft in the bone and not sutured, 
and the muscles and skin united in the usual manner. The 
paralysis persisted its before. 
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Bullet-wounds of the spinal cord are, as a rule, more severe 
than stab-wounds. At any rate, they require more frequent 
surgical intervention on account of the larger size of the wound, 
hemorrliage or foreign bodies which exercise pressure (projectile 
or torn-off portions of bone). It is best to operate after over- 
coming the collapse (about one or two days after the infliction 
of the injury), if severe hemorrhage does not indicate innnediate 
interference. 

The technic of operation is that of an atypical laminectomy 
with the removal of one or more arches, in order to completely 
inspect tlie injm-ed parts. Coagula of blood, splinters of bone 
as well as the bullet, which frequently cause severe deforniity 
and division of various structures, should be carefully removed 
in order to avoid further injury of the spinal cord. Ragged soft 
tissues, torn dura and soft membranes of the spinal cord are 
taken away. PLven though tlie dura mater be uninjured, it will 
have to be opened in most instances, because an intradural ex- 
travasation of blood or an abnormal accumulation of liquor may 
perpetuate the compression of the cord. 



Injuries to the Spinal Cord from Dislocation and Fractures 
of the Vertebral Column 

Both of these injuries are frequently combined. Isolated 
dislocations of the lateral articulations, as seen especially in the 
cervical portion of the vertebral column as well as isolated frac- 
tures of the Iwdies of the vertehne wliich mainly aflfect the tho- 
racic and lumbar portions, M'ill frequently give rise to symptoms 
of irritation from the roots, and sometimes of the spinal cord. 
Manifestations of compression of the cord of greater or less de- 
gree are added when this organ suffers from concussion, con- 
tusion, or hemorrhage. 

P",ven in these cases a careful attempt at reduction of the dis- 
location should be made. Extension alone is insufficient, if the 
thoracic and lumbar portions of the cord he affected. These 
cases should be treated by Jiaiichfufis'' sling or a properly pad- 
ded firm roll. If this procedure does not improve the paralyses, 
or if the condition be aggravated, opening of the vertebral 
canal should not be delayed. Insufficient fixation of the frag- 



1 




SuttfiRRV OF THE SPINAL CoHl) 



iiijiiriL's arc cuiiscd by violent ajjiipression of the trunk, espe- 
fiully when the pelvis is fixed, i.e., when the patient is found in 
a NtundinK position in a narrow lipace. 

TJit; injury of the spinal cord will depend upon the line of 
frac'tnrc tind the nature iil' the luxation. The application of 
foree, sudieiL-nt to cause a solution of continuity in the very flex- 
ihle vcrtehral column, will injure the soft eord to the extreme. 
Therefore, tlic more rij^id the .spinal column and the thorax as 
age Hiivanecs, the K''t^'itcr the Hahility to injuries of this nature. 
I''re(iiiently a transverse fracture of the sternum residts. I re- 
enll tile case of a man, fifty years of a^c. in whom there was a 
lateral dishK-ation of the Hth thoracic vertebra in which the X-ray 
showed the hndy of the vertebra dislocated to such an extreme 
point timt it barely touehe<l its neighbor. The result, of course, 
was complete transverse division of the cord (see Fig. 18.5). 

In bihiterul luxation of the cervical |>ortion of the cord, ab- 
duction anil rotation are absent and flexion is, therefore, greater. 
A distinct diastasis is demonstrable on the spinous processes, and 
also a displacement of the upi)er portion of the vertebra to the 
front. This, of course, at once shows that double dislocation 
jtHi|Minlijtcs the spinal coni to a greater extent than unilateral 
awidents. We, therefore, try extension, which is gradiiallr in- 
creastnl in force, to IiKwen the dishx-ateil articular processes from 
one another, and by careful deflexion and hackward motion to 
r^'iH»sit the disUK-attnl iK>rtion of the vertebral column. During^ 
these manrt'uvres the patient is placetl on his Itack (as taught by 
tl'nifnrr-SltiiiH-r) in such a manner, that his head ami neck and, 
if nt.vt-s.'Miry, the thorax reach Itewnd the table. The !iboulders 
arc n-tainwi in (nvsitiou by an assistant. Since flexion of the 
nwk tnereas*'s tin- de^ini' of (lisKH>8ti(^ni and tlterebv places the 
txird in greater danger, its praetioe is to be cotidemned. 

Fr«ctur«s of the Arches of the Vertebrae 

are tiitally prvxluctxl by iJirevt and indirect violence- TlMy are 
frtsjiK-ntly obst-nol in fvMnbinat(«.m with other injuries of the 
\rrti-br*, MTiile less fremtcntly. they may. ner erth t kss , give 
rise tv> "apvfn- i.>Mitnsioiis of tbf ivn!. they principaUr cause ean- 
prt-vswi ff ihf <piT\il rt^r\! by a dispUcement of tbe btobcn fra^ 
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ment projecting into tlie vertebral canal. Iii these cases opera- 
tion shonid be undertaken at once- 

In all fractures and dislocations of the vertebral column. 
X-ray examination is indispensable. Without adding danger to 
the spinal cord, it clears np the diagnosis and suggests methods 
of reposition. 

Regeneration of Contused and Divided Fibres of tlie Spinal Cord 

in men seems impossible, although von Strobe, and after him. 
Bar, Dawson, and Marshall showed a regeneration of the fibres 
of the posterior roots which were severed between the spinal 
ganglia and the cord. A few favorable reports come from Amer- 
ica, liriggs, for instance, found in 1898 a complete division of 
the spinal cord at the level of the 10th dorsal vertebra, follow- 
ing a fractnre of the vertebral cohnnn in a youth of seven- 
teen, three weeks after the accident. He freshened both ends 
and united them with catgut sutures. The functions of the blad- 
der and the muscles of the extremities rehirned very gradually. 
EsU has sutured the posterior and lateral columns and has ob- 
served an almost immediate improvement' in sensibility. 

The following cases of great importance to the question at 
issue are more important and are carefully obseiTed. Stewart 
and Harte^ united tlie spinal cord which was severed by a bul- 
let, at the level of the 7th thoracic vertebra in a woman, twenty- 
six years of age. In this case the ends of the cord were sepa- 
rated from one another for a distance of over 2 cm. The opera- 
tion was performed three hours after the accident and catgut was 
used for suture material. Fourteen days after the operation the 
first signs of restoration of conduction were observed. Eight 
months after the operation the patient was able to walk when 
supported on both sides. The sense of touch, temperature, and 
pain as well as the sense of position, together with the skin and 
periosteal reflexes returned. With the exception of nocturnal 
enuresis, the functions of the bladder and the rectum obeyed 
the will. Sixteen months after the operation active movements 






Stewart and Harte, A Case of Severed Spinal Cord in which Myelorrhaphy 
was followed by Partial Return of Function. "Philadelphia Med. Journ.," 1902. VoL 
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of the lower extremities and toes could be performed by the pa- 
tient, and five years thereafter (1906) the patient was able to 
walk a few steps with the aid of crutches, 

Foxcler,^ in 1903, united the cord with three eatgiit sutures 
at the level of the 11th dorsal vertebra, hut with very slight suc- 
cess. He casually remarks that the slight improvement noted in 
his case may have been due to the fact, that a portion of the cord 
was not divided or that some anastomoses had formed at the 
point where the dura mater was not severed. He suspects the 
same to have happened in the observation of S. Harte. 

At present the statement that the function of the divided 
fibres of the spinal cord may he restored by direct imion or re- 
generation, must he accepted with great scepticism. Even in 
those favorable cases in which only a portion of the cord has 
been previously divided by a stab-wound, shot or other form of 
violence and the neighboring fibre tracts remain in their normal 
relations, no regeneration is seen to take place. Of course, the 
sympathetically affected and paralyzed tracts immediately fol- 
lowing the accident may recuperate and have their functions 
more or less completely restored, without an actual regenera- 
tion of the fibres having taken place. 

For the sake of completeness, it should be mentioned that 
Shirres' lias implanted a portion of tlie spinal cord of a large dog. 
in a case of complete division of the cord with loss of about three 
inches. At the autoj)sy, made tiiree months later, besides the 
usual degenerations of GoU's and Ifitrdach's cohnnns and the 
pyramidal tracts, a very limited newformation of nerve fibres 
was found on both ends of the cord and in the neighborhood of 
the dura mater. 

Hemorrhages Into the Vertebral Canal 

may be found in all injuries and they may be intra- or extra- 
dural. In the latter case they will exert no pressure upon the 
spinal cord except when of extraordinary dimensions. In cases 

■ G. R. Fmvler. A Case of Suture of the Spinal Cord following a Gunshot Injury 
Involving Complete Severance of the Structure. "Ann. of Surg.," 1905, Vol 
XLII, No. 4. 

^D. A. Skirres. ReReneration of Axones of Spinal Neurones in Man. "Mon- 
treal Med. Journ.," 1905, Vol. XXXIV, No. 4, April. 
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of intradural hemorrhages the sections will show them to con- 
sist of layers of greater or less thickness surrounding the cord, 
occasionally in its entire circumference. If these be limited, even 
to a smaller area, they will necessarily result in corresponding 
manifestations of compression. 

In view of this fact, it will only be necessary, in a few in- 
stances, to operate for extra- or intra-dural extravasations of 
blood alone. Lumbar puncture, in cases of intradural iieiiior- 
rhages, will not only clear up the diagnosis, but is an excellent 
therapeutic measure, since experience teaches that the evacua- 
tion of even a part of the extravasated blood will initiate the 
resorption of the rest of the exudation. In most cases, however, 
the extravasation of blood is only a secondary symptom to se- 
vere injuries of the vertebral column or the cord, and then, of 
course, it fades into insignificance, compared with the main le- 
sion. 

Haematomyelia 

Conditions are different in cases of intramedullary extrava- 
sations of blood which affect the gray substance by preference 
and lead to the severest symptoms. 

Such hemorrhages may result in comparatively slight injuries 
by violence, where excessive movements of the vertebral column 
pull upon the cord or cause it to he contused. The mobile por- 
tions of the spinal column, such as the cervical and the lumbar 
portion, are most frequently affected. The symptoms are pro- 
duced either by an immediate destruction of the fibre tracts or by 
the pressure exercised by the extravasated blood. There may be 
an interruption of conduction of individual colunms or of the en- 
tire transverse section of the cord; to these, symptoms of irrita- 
tion of the posterior nerve roots are added. In small hemor- 
rhages the prognosis is not imfavorable. However, many weeks, 
nay months, will pass before the restoration of the disturbed 
functions will take place. Frequently, only very limited restora- 
tion will be observed, especially in those cases where many fibres 
were affected as a result of the extravasation of blood. 

Generally speaking, laminectomy will be performed in these 
cases only when other indications are present — a splinter of bone, 
for instance, compressing the cord. In hemorrhage, pure and 
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simple, the operation accomplishes nothing, and is justified only 
when injnry of the cord complicates the condition. We gen- 
erally will be able to ascertain the seat of the trouble by the 
aid of segmental diagnosis; but we remain entirely in the dark 
as to whether the extravasated blood in the cord forms a real 
cavity and is in a fluid state, so that it may be evacuated, or 
whether it has already coagulated, I'^or these reasons operative 
intervention in cases of hiematoniyelia is hardly indicated. 

Indications for Laminectomy 

In instances of complicated fractures and dislocations, in bul- 
let and stab wounds, and in any injury in which tlie traumatiza- 
tion indicates surgical intervention, the question of immediate 
exposure of the spinal cord nuist be considered. In other cases, 
with the exception of a few instances of which I shall speak di- 
rectly, the patient should be placed in a proper position horizon- 
tally on a water cushion, and then we wait to see how far the 
existing paralyses of the spinal cord will regress, while we are 
using extension. The functions of the rectum and bladder ui 
eases of injury of the spinal cord, .should receive the greatest 
possible attention. A note of warning should he sounded here 
with reference to the irregular use of the catheter in disturbed 
bladder function, which may invite serious complications. The 
skin should finally receive proper attention, especially those por- 
tions of the body mainly exposed to pressure, and decubitus 
should be avoided as much as possible. 

Even in partial division of the spinal cord, symptoms of a 
complete transverse lesion are frequently present. Gradually, 
however, the morbid manifestations will disappear, and the re- 
currence of some functions and the absence of others will enable 
us to tnake a correct diagnosis. For this reason it is best to ab- 
.stain from immediate operation, and treat surgically only ex- 
ternal wounds. An indication for operation is found when a 
splinter of bone, as for instance, in cases of isolated fractures of 
the arch of a vertebra, or a bullet, is the cause of compression. 
In both of these cases the X-ray picture is of inestimable value. 
Operation is also justified where other complications jeopardize i 
the patient suffering from dislocation or fracture of the vertebral I 




Surgery of the Spinal Cord 1185 

column, or where a reduced dislocation resumes its abnormal 
position and perpetuates serious symptoms. 

If the nervous disturbances continue, and if the patient who 
improved in the beginning becomes worse, an operation is indi- 
cated. In cases of fracture the etiologic factor may be callus- 
formation, and in other instances a constricting scar, and, again 
in others, a circumscribed accumulation of liquor cerebro-spinalis 
(meningitis serosa ex araclinitide adhtesiva) may perpetuate the 
symptoms. 

Complete interruption of conduction of the spinal cord is 
so hopeless a condition that, even though no sharp indication 
exist, laminectomy with splitting of the dura, especially in young, 
strong persons, is to be taken into consideration when orthopedic 
treatment has failed. The operation is performed by opening 
the vertebral canal in the manner described above. All bodies 
exercising pressure (blood-clots, splinters and dislocated por- 
tions of bone), should be removed or chiselled away. Displace- 
ments should be corrected and their recurrence prevented. This, 
of course, is not always an easy matter to accomplish, and it 
depends upon circumstances whether we may expect good residts 
by proper position of the patient alone, or by suturing the ad- 
jacent spinous processes with silver wire (Hadra) or have 
recourse to similar measures. 

Suture of the divided spinal cord, as practised in America, 
has thus far unfortunately sliown no good results. 



I shall not enter into a discussion of cerebral hernia and spina 
bifida. Both (myelocele, myelo-cvstocele or meningocele) show 
so few diagnostic and operative differences, that I did not think 
it necessary to enter Into their discussion in this work. 

I have given two instances of perforating sarcoma of the dura 
in Observations VI, 3, Vol. II. p. G.58, and VI, 4. p. 661. They 
had to be dealt with in that chapter for physiologic reasons. 

KNI) or THIRD VOI.HMR. 



Index 



Abdominal muscles, paralysis of, 981 
Abducens, paralysis of, 690 
Abscess, cerebral, 844 

early, 845 

extradural otitic, 869 

icherous, 848, 859 

in brain-tissue, 110, 185, 631 

in submaxillary region, 893 

metastatic, 914 

metastatic, operation for, 920 

multiple of temporal lobe, 856 

of right cerebellum, 867 

otitic cerebellar, 863 

otitic, of temporal lobe, 856 

rhinitic, 894 
Accessorius, 695 
Accumulator cell, 288 
Achilles tendon reflex, 402, 999 
Actinomycosis, 114, 912, 1175 
Ac us tic us, tumor of, 785 
Adenocarcinoma, 905 
Adiadochokinesis, 444, 686, 710 
Adrenalin, 239, 477 
After-eflFects, manifestation of, 545 
Agnosia, acustic, 587 

optic, 657 
Agraphia, 426, 431, 441, 533, 594, 609, 
Akidopeirastic, 97 
Alcohol, 159 
Alcoholism, 325 
Alexia, 594, 609, 618, 650 
Amnesia, 618 
Anaesthesia, complete, 1010 

local, 158, 957 

local. Bier's spinal, 958 

local, Braun*8, 958 
Anaesthetic zones, 985 
Analeptica, 477 
Anarthrix, 586 
Anasarca, 396 
Angioma, of central region, 325, 539 

of pia mater, 86 

venosum racemosum, 90, 542, 1129 
Angiosarcoma, 1047 
Anilin dyes, 346 
Ankle-clonus, 357, 402, 410 
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Anosmia, 532 
Anthropoids, 285, 350 
Antieleptic remedies, 343 
Antiseptics, 159, 373 
Antisyphilitic medication, 114 
Apes, 285 

Aphasia, 348, 381, 426, 432, 441, 533, 585, 
590, 618, 627, 657 

amnesic, 630 

optic, 630 

verbal, 630 
Ap{>endicitis, 481 
Apraxia, 444, 560, 594, 6^ 

limb-kinetic, 562 
Apraxic disturbances, 560, 614 

symptoms of, 627 
Arachnitis, 487, 707 

adhaesiva circumscripta, 1056 

fibrosa, 1057 
Arachnoid cysts, 53 

second form of, 55 
Arachnoid, oedema of, 52, 297, 307 

sarcoma of, 763, 1146 
Areas of speech, 585 
Arm centre, excision of, 307 
Arteria basilaris, 674 
Arteries, spurting, 152 
Arteriosclerosis, 325 
Ascites, 390 
Asepsis, 5, 158 
Asphyxia neonatorum, 368 
Aspiration, 240 
Astereognosis, 556, 628 
Asthenia, 381, 385 
Astrocytes, 315 
A synergic cM'belleuse, 685 
Ataxia, 444, 633, 650, 684 

cerebellar, 524 

cerebral, 524 

frontal, 524 
Ataxic movements, 355 
Atheromatosis, 828 
Aura, 392, 465, VH8 



linbinski sign, :i'i3 
Hackstitch, 8 
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Balsam of Peru game, 198 
Basal ganglia, 999 
Baths, 386 

Bathyansesthesia, 633 
Battery, chromic acid, 987 
Bfchterew-Mendel sign, 1(^ 
Biceps, 383 
Bladder, 1135 

functions, 981 • 
Blankets, 155 
Bleeding, arterial, 97 

from diploid 23 

from drill holes, 96 

from dura, 95 

from the emissaries, 93 

venous, :?5, 155 
Blindness, unilateral, 539 
Blood, change of color of, 158 
Blood-wave, 398 
Bone conductivit}*, 435 
Bone, devoid of sensibility, 158 

removal of diseased, 163 
Bone-flap, formation of, 14 
Bone-hiH>k, ;?3 
Brachia conjunctiva, 674 
Brachinlis anticus, 383 
Brain abscess diagnosis of, 85<) 

«'xtradurnl, So-2 

in the deeper white substance, 105 

Kvated sujverficially, 105 

metastatic, 1(X> 

of acute septic origin, 106 

o|HMiing of, 103 

otitic, Soi 

traumatic. 107, >^4, SiJ» 

trepanation of, 851 
Brain cicatrix. 318 
Brain, ct>nvohitions of, -31. > 

cv<ts oi, 57 

i\ >it»i o\\ with connect i\c ti>Niu* \vh11>, 

:>^ 

t\Nts traumatic, &2 
Jtvp dotVct ot\ S3 
rltvtriv' stimulation of, 93 

tVvrr, f» V^ 
t>^i:rf^ ot". - 1 '> 
j'.unin I o\\ >.\' 

•"•■.t,lt'.->!> ot. -^^f» 

•• '* -« ".-•t'.\c\ U'^S 
•t-it'..i'^ it tho base of tb.i. 1 1 "> 



Brain, prolapse of, amputation of, 186 
prolapse of, treatment of, 184 

Brain puncture, 158 

Newer-Pollack, 96, 931 
with extradural abscess, 107 

Brain stem, operation on, 808 

Brain substaDoe, discharge of degenerated, 175 

invasion of, 84 

oedema of, 170 

softening of, 170, 345 

spontaneous discharge of, 178 

superficial necrosis of, 176 
Brain, surface infected, 119 

surgery, general considerations, 59 

tumor, inoperable, 199 

wounds of, 931 

wounds of, care of, 159 

wounds of, probing of, 940 
Breech presentation, 368 
Broca* aphasia, 490 
Brora's centre, 496, 506, 5.39, 569, 804 
*Broca'» convolution, 934 
Brora's cortical field, 470 
Bromides, 349, 441, 478 
Bronchitis putrid, 915 
Broncho-pneumonia, 559 
BrownSrquard's lesion, 979, 983 

jwiralysis, 997 

symptom complex, 979 
Buds, capillar}', 346 
Bullet wounds, 940 
Bullets wandering in brain, 940 
Burr, cylindrical, 2-2 

Doitem's. 6, 14, 896 

plough, Borrhardfs. 99, 903 

^udrrk's, 22 

Caffein, 477 

Calvarium, secimdarj- changes in, 980 

Caniphi>r, 477 

Cancer of oesophagus 193 

sigmoid, 193 
Caniilae, 2U\ 960 
Can'inoma, 193 

nict<VNtatio, 9<>-\ 919 
Carvli.to di^iMM'N, S.'3 
■■< ii ••'>''' '' .*f ri.<«*ir." K34 
C u>i » t^]iii!i.*. bUO 
r ivit> , ro^iviu.il. 1 H 
I'.iv v.;v. M' v*!'. *\^1. **7t) 
iMl pri>!ittTitior.<, cp.dothebal, 315 
C«".tri! «.*o-v.i!i;t:iV\ t'lmor of. 3;IS 
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Ccntrfd region, injuries to. 479 
L'ephalal^a, 117 

(Vrebellar hemisphere, exposure of, 3B. 
C'rrrhellBr ventricles, subcutnnei)tis dri 

Hge of. 48 
Ccrphelio-pontian tumor, IBH, ITi 
t'Tebellum, 223 

enploTBlory section of, 1-19 

exposure of, 13 

innpeciion of, 130 

upper surf nee of, W 
Cerebral blindness. 660 

compression, 9:26. 939 

concussion. 936 

contusion, 936. 939 

hemisphere of Chinipiinzee. 284 

tumor. lAT, 195 
C'erebro-spiniil compression. 6T9, 709 
Cerebro-apinnl fluid, dlscharfte "f, 178 
Cerebrum, left hemisphere nf, ifll 

operations on, 15S 
Cheytit-Stnkei^ respiration. 150, 918 
ChiBh-ma, 1 19, 651 
ChLsel, Doyen-,. IT 

method, T 

Pauow'a. ^, 965 

sculptor's, 9fl6 
Chloral, 477 
Chlor-ether. 9S9 
Chh>raform, 15T, 333. 353, ail, 4fi0. 

573. 598. 1038 
Chlor«form-oxy([en, 301, H3T, 1(138 
Choked disk. 193. 498. 63T. K.iO. 670 
Cholesteatoma. 495. 791 
Cicatricial thickening. 344 
CUtJcer«osis 800 

CisWcercus eellulosus, 359. 443. 575 
Cisticercus cyst. 6S 
Cistlcercus racemosus. 805 
Cismps, PAih'». 35 
Claw hand, 340. 377 

position, 361 

Clivus Dl«mnibarh\i. BT3, 783. 833. 
Clock spring. 19 
CoBpUtion by sutiire. 190 
lock's tread. 357, (ia4, 686 
Coil, seeondarj'. 288 
Commotio cerebri, 936 
Compound sense, 557 
Concussion of the brnin, 93li 
Conduction, interruption of. !>7!), I'MHI 
Contraction, clonic, 33:! 
tonic. 333 



Conlraclures, 407 

Contrecoup. Injurj- of brain from, 433, 484 

Conus medullaris. 1041 

Convolutions, anterior central, 999, 390. 
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Corona radintn, 567 

Corporft quadrijtemina, 813 

Corpora reslifonnia, 674 

Corpus callosum, puncture of, 701, 813 

Corpus strintuni, m 

Corrosive suhlimnte, 159 

CorrU)tated skin. 049 

Cortex cerebri. 395 

contusion of, 485 

direction of dividing the, 102 

di-splnecmrnt of, T4 
Cortical blindness, 860 
Cortieal excisi ms, results of, 307 
Cortical motor vision. 531 
Cortical neo]>lahni. 395 
Cortical tissue, 3(H) 
Cortieal tumor, 395 
Cranipl bones, tuberculosis of, 109 
Craniul fossa, inspection of, 130 

opening of the posterior, 155 
Craniectomy, 5 
Cranio-crrebral topography, 210 

localiiation of, 310 
Crnniomeler, 211 

C.l'anosis, 13, 33S 
Cyst, arnchnitic, 716 

cerebellar, 336, 345. 731 

cchlnopoccus, SO, 57 

encephalltic. 356, 4(i8 

formations, 575, 883 

formations, post-operative, 715 

mcnlnfto-cephnlic. 58 

multiple hydatid, 87 

of the parietal lobe, 365 

outside of the central region. :tG4 

parasitic, 66 

porencrphalilic, 360, 476 

subcortical encephnlitic. 353 

trnumnlie, 702 
Cy sterns, nrHchnoidal. 736 
Cysts, serous, 69 

simple, 70 

treatment of, 53 

with connective tissue ivails, 70 

with tumors. 69 
Cyto architectural locus, 31T, 346 
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Dahlyren forceps, 15 

Deafness, psychic, 587 

Decubitus, 1135 

Decussation, 651 

Deficiency of words, 619 

Deligations, Haidenhain's, 461 

Deltoid, 383 

Deschamps* needle, 774 

"Deviation conjugu^e," 532, 535, 631 

Diabetes, 325 

Diaschisis action, 430 

Dictation writing, 445, 621 

Digalen, 477 

Diplopia, 516 

Disarthria, 586 

Disposition, 339 

Distant sjTnptoms, 503 

Disturbances, motor, 1137 

of equilibrium, 745 

of figuring, 619 

of prnxia, 619 

of reading, 619 

of respiration, 681 

of smell, 532 

of sj)eech, 619 

of writing, 619 

psychic, 681 

sensory, 689, 1137 

tro])hic, 981 
Dorsal root, sensory, inflammation of, 

1073 
Dressings, 155, 160, 958 

dry, 1()0 

soaked, 161 
Drill, Dotff'n\H, U 

seal}), 2'^9, 2()0 
J)uput/frrn\s' jiarchnient ])aper symptoms, 

799 
Dura, extfnsive induration of, 11:21 

not ()})('ncd, 1036 

psanunorna of, 997 

})nlsati()ns of, 967 
Dura niatcr, ()})oning of, 33 

sarcoma of, 521 

srnsitivc, 158 

visible alterations of, 75 
I)vsent<ry, :ilJ, 3oli 
Dyslexia, (ilS, (J21 
I)}spha^ia, (ilS 
I)ys])ra\ia, f)I5 

l\lectrodes, unipolarizaMe, 287 



Encephalitis, 58, 194, 307, 336, 356. 387, 
455, 469 

bilateral, 340 

infectious of children, 386 

meningo, 335, 469 

traumatic, 386 
Enchondroma, 1155 
Endocarditis, 459 
Endophlebitis obliterans, 316 
Endothelioma, psammo-fibro, 1140 
Enteritis, 340 
Epiconus meduUaris, 1041 
Epilepsy, 283, 398 

etiologic criterion in, 368 

general genuine, 321, 453 

general genuine, after-treatment of, 
478 

general genuine, course after opera- 
tion, 477 

general genuine, indications for opera- 
tion in, 471 

post-operative, 492 

reflex, 479, 492 

results of operative treatment of, 463 

secondary, 321 

statistics in Prussia of, 473 

symptomatic, 321 

traumatic, 432, 479 
Epilepsy, Jacksonian, 320 
Epileptic zone, 303, 326 
Epileptiform spasms, 688 
Epithelium, cylindrical, 346 
Erb's muscles, 1015 
ErJenmeyer's bromide mixture, 465 
Erysipelas, 342, 472 
Etiier, 157 

Ethcrial solutions, 159 
Ethnographic Museum, 4 
Euphoria, 756 
Kxcitantia, 573 
Kxophthalnius, 532 
Exosdosis, extradural, 1071 
Exj)osure to cold, 158 
Exsanguination of bone, 207 
Extir}>ation, radical, impossible, 758 
Extravasation, hemorrhagic, 564 

Face masks, KJO 

Facialis, 3H3 

Failures, 570 

F.'it ])ersoiis, 156 

Fibres, course of, in visual tract, 651 



Kibrosarcoma, 175, 330, 571, IJW, 'H 

pupillary, 660 

thrice ricurriiig, 59« 
Finger, tactile, 137 
PiE«ura centralis, iSS, 300 
Fissura pa rieto-occipi talis, ti39 
Fissure of Bolaiido, 66, 383 

of Silviat, 3^ 507 

of SUviui, invaded by tutiior, IS, IH, 
383 
Flap, bone. 306 

fDimntion of ron Bcrgmnnn, 87i 

plastic, 306 

repair of. :J06 

scalp, 306 
Fiexian, solar, 383 
Flnid, retention of, lliH 
Focal conditions inrnntile, 4liK 
Focal manifestations l>HJ 
Focal symptoniBtalogi'. 5U1 
Focsl syni[ilcims in cTrrlinil parulysi>, 347 
FocuB-fielil, 295 
Forceil movements 68H 
Forced posilion, 68S 
Forceps Dahlgrtn't, 15 

delivery, 380 

Doym'i. 31 

Horttryi. 965, 1039 
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Lanffenhirk't. 18 

Fian-t. :Hi 

rongeur. 9 '15 
Forehead liimpii. 116 
Forehead. ojirrationK on, 13 
Fordfcn Iwilirs 481. 4)H 
Formalin, 159. 313 
Fonnol. fije 

FosM of skull, opening pf thr 
Frankfurl.'r LiNir. 333 
Free interval, 9iS 
Frontipetal type of hrnin, ^1 1 
Fronto-zygomatic suture, iJJ 
Function, ree.stnlilishmcnt of. 
Fundus oculi, 383 

Galea, 469, 533 

OaUon't whistle. 693, 751 

Galvanometer. 3rt7 

Gasgonnde, 531 

flaBterian ganglion, cxtirpHlini 

Cause, iodoform, 153, 159 

sterUe, 159 

viofonn. 153, 159 
GIb<» cannulii, 514 



Glass cylinder. 515 
Glia cysts, 738 
Glioma, 194 

cortical, 171 

diffuse, 416 

inflltrating, 95 

sarcomatodes '34 
GiiosBrcumii, 194 
Gliosis. ChaiUn't, 473 
GlossopliarynBCXiS 695 
Gloves 160 
Glycerin, 159 
Grnnulations. cheesy, 100 

tuberculous 109 
Orouieh'r nicUiiHl. 938 
Gumma. 113. 575, 7HI, 1131 
Gymnastics, 386 
Gyrus angularis. ii<l. J2ii. 
Gyrus hip|iocampi, 5S7 
Gyrus sulnnarf^naUs, 330 
Gyrus supramargiiialis, j3<i 

H all uci nations, optic, Ii4!) 
Hammer method, 7 
Hand, excision of centri-, : 
Hands bare, 160 
Headaches, 496, 679 
Head supporter, 156 
Heart lesions, non-com ppji; 
Heart-welling. 329 
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dangers of bleeding, ilil 

dangers of infection, 347 
extradural. 336 
of fetal skull, 368 
twliniquc, 339 
fmatomyelia, 1183 



Hemianiesthesia, 567, 597, 653 
Hemianopsia. 348, 390, tOI. 411. 
609, 640. 653, 6K,J 

hitcniporal. 791 
Hcmiparcsis. 343 
HcmiplcFln- '■^>''- 390, 536, 567 
HemophiliR. 163 
Hemurrhage. cerebral. 390 

control of. 7. 9 

introcraniBl, 948 

sccondnry, 164 
Heinostnt, Pcnn'i, H28 
Hcmrjstutic manipulations, 163 
Herrdily, 4.^1 
Hernia cerebri, 34, 181 
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Henchl'H convolution, 507, 587 

Horn, jMistcrior, ;?()k 

JJulchitufon'it teeth, 'MJ 

Hydrocephalus, 5, U7, 186, 196, 262, 966, 

351, 379, 45^, 476, 815 
Hypaesthesia, 650, 978 
Hyperaesthetic regions, 985 
Hyperemia, 157 

stasis, 458 
Hyperreflexia, 985 
Hyperstosis, 490 
Hyperthermia, 648, 8ii8 
Hyi)ertonia, 400 
Hypoglossus, 095 
Hypophysis of base of skull, 823 
Hypophysis, sarcoma of, 792 
Hysteria, 325 

Ideo-apraxic, 5lr2 

Ideo-kinetic, 56:2, (ill, 627 

Ideotorv, 611 

Idiocy, 468 

Illuminating apparatus of Zeiss, 116 

Incision, von Bertjmann^s, 855 

Incontinence, imperative, 1000, 1117 

Index-touch-nose-test, 668 

Infection, septic, 162 

Influenza, 340 

Inion, 2X1 

Injuries, at birth, 367 

to brain, 2W2, 485 

to central area, 483 

to central area, indications for oi>era- 
tion, 490 

to skull, 2i^2 
Iodides, 34:2, 4t;>, 537 
Iodoform, 159 
Iiuiervation, central, 609 
Innuus rhesus, 2%i\ 
Ifisoiation, 3U 
Instruments, tre})liine, electrically driven, 

2\ 
Interfial capsule, 567 
Intracrjinial ])rcssnn\ changes in, 698 
Iiitra]>ari('t.»l fissure, 221 
Introduction, \\ 
Iminctions, \\2 

Irrig^ation of operation field, 31 
Irritability, reflex, 110 
Irritation, lM|H)]ar, JSfl 

elect ric;d, J93, 3S9 

faradic, JSfJ, 311, \\:>\\, 3(11, 3SJ, ill. 



Irritation, manifestations of, 545 

monopole, 197 

paralysis, 556 

sensory, 556 

unipolar, 286, 288, 312 
Island of Ben, 223, 253 

tumor of, 32, 585 
Ivory pegs, 24 

Jacksonian epilepsy, 320 
anatomic changes in, 344 
attended by pathological changes, 85 
etiologic factors of, 542 
indications for operation in, 474 
infantile paralysis cause of, 335 
neoplasms cause of, 326 
reflex, 326 

traumatic, 322, 367, 491, 931 
without microscopic findings, 388 

Jacksonian spasms, 535, 569 

Joint-sense, 557 

Katabolic conditions, 299 

Keratitis neuroparalitica, 697 

Kilian*s submucous resection, 802 

Knee-jerk, 403 

Knife-blade in brain, 944 

Kocher's aequatorial line, 2^6, 624 

Kocher's construction, 503 

Korher*s method, 224 

Kroenlein's construction, 210, 503, 534 

Kroenlein*s craniometer, 211 

Kroenlein*s line, 624 

Kroenlein's points, 506 

Kroenhin*s square, 504 

Kuhns intubation, 810 

Kynaesthetic picture recollections, 610 

Kyphosis of the cranial bone, 281 

Kvrtometer, 2:24 

Lambda, location of, 221 
Lamina vitrea, 462 
Laminectome, Krause*s, 962 
Laminectomy, 960 

course after, 11I53 

indications for, 1184 
L(in<f('nhfrk instrument, 1029 
Latissiinus dorsi, 383 
Lead ])oisoning, 3:25 
Lefter, 327 

LeftbandiHlness, 318, 502, 667 
Left middle fossa of skull, sarcoma of. 
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MemtigtUs traumntica, 837 




Menlngo cncephditic foci, 379 


lesion, unilateml, 97U 


Meningo myeliUs, 1081, 1103 


transverse, 979 


Mercurj-. »W, 537 


I^DOOCytes, polynurlrnr, 3H 




t^vel. upper, 993 


Metal plate, curved, 10 


levers, 18 






Metastatic tumors, 908 


I.lnea limitans ^36 


Microgjrism, 313, S*7. Ml 






Linca prKoentralis, IJB 


Mist urn ncrrina, 378 




Mono|il(-^n, 537 


I.iqiior cereliro-spinHlU, 113:) 


Mo-iosimhins. 538 


1 .ocaliEatioji, cerebral, 5 


Moria, 5^1 


scheme of. $03 


Morphin, 157 


lxK>p«, cspillary, 3*6 


Morphin-chlorofonu, IS7 


I^rdcKis, 3TT 


Motility, dlsturl>ance!, of, 307 


I.UCS. 3*3 


Motor areas, S8» 


l.ugo] solution, B9 


disturbances of. 887 


LumlMr puncture, 3T* 


locsliwtion of. 93 




physiologic centres of, 965 




Mcivetnenls, return of, Ills 


I.jinphMlgio-endotheliimin, casroiiv, 91 


Muscle-sense, 656 




Muscles, electrical irritability of. lOM 


Wacacus rhesus, Wl 


Myxosarcoma, 733, 1038 



Marrhr <te fivreiie. 69-1 

-Massage. 388 

Mastoiditis 199 

Measles, 310 

MedicBtiiin, general, 171 

Medulla ohlongnta, exposure of, t 

Membrane, pyiigi-nic. H50 

Mrndrt si^is, 10*! 

Meningfiil artery, ligntioii of, 8> 

Meningcnl irrilntiou, BBJ 

Meningitis. 33,5 
arutr. 2lili 
chronic, 1(1 j5 

i*irriini-.crihe(l sujipurHtive. 83 
diffuse suppurative, R99 
fibrimi, prognosis of. 1109 
HhrosH, treatment of. 1107 
li.-ini.rrhngir cncepbalo, 31fi 
piiruienl, 897 
septic. 837 

Meningitis serosa, 107. 14.'. H(iS. H 
acuta circumscriptn. 1091 



Needle. Ilmrhamjit', 771 

NcighlxirliocMl symptoms, 503, 53:3, 5 



Meiiiniriti-. 



laiis rbrniii, 



e3s 






puncture, 333, 553, 655. filiO 
iiitrHmeduUary. 1078 
cause of epilepsy. 335 
extirpation of, 118 
Neopiasmatfl, at base of brain, 785 
extradiirnl. 1071 
intradural, 1078 
intramedullary, 1 1^5 
motor signs of irritation, 535 
of li'ise of skull, |ijl 
of brain, 195. 837 
of brain, frontal, 513 
of brain, wcipitnl. fiSO 
of central region, 531 
of cerebello-pontine angle, 737 
of nntti-naK ganglion, 834 
of hyiKiphysis. 791 
of Istanll of Reil. 585 
of parietal lohr, (>09 
of posterior fossa of skull, 673 
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Xeoplnsmata, of temporal lobe, 585 

originating from imier surface of 

dura, 809 
paralyses, 535 

supplement to technique, 513 
use of suction in removing, 513 

Nephritis, acute, 390 

Nerve fibres, division of, 171 

Nerves, cerebral, 689 

of the movements of the eyes, 690 

Nervus acusticus, 738 

Nervus octavus, 692 

Neuralgia, eleptiform, 321 

Neurectomy, intracranial, 163 

Neuritis, 499 

optica, 194, 679 

Neuroretinitis, 516 

Novococain, 239 

Nystagmus, 531, 690 



Occipital lobe, tumor of, 666 
Occipitopetal type of brain, 214 
Oculo-facialis, 391 
a:dema, 630 

arachnoidal, 663 
extensive, 344 
() Iterating- room, temperature of, 155 
Operculum Rolandi, 283 
Opisthotonos, 377, 727 
Oppenheim sign, 378, 523, 561, 594, 669, 

7()o, 7:^:^, 754, 1023, 1027 
Oro, facialis, 391 
Osteochondritis, 1175 
Osteoma t a, 1155 
Osteomvelitis, 459, 1174 

)steoph\ tc^, f»^)3 

)st«*()i)l.istic flap, 12 

)steoj>lastic method, 6 

)steo>.ar('()iii.i. 2()9 

)ste<»tonie, spiral, 22 

)titis, chronic su])purative, 887 

)t()scopic findings, 138 

)xyp:en. inhalation of, 157 

Pacchionian hodies, 26', 635 



Paralysis, cerebral, 34d, 347 

cerebral infantile, 367, 386, 907, 453, 
470, 481, 491 

cause of epilepsy, 335, 339 

focal, 347 

operative, 348 

post-epileptic, 322, 360, 393 

progressive, 325 

pseudo-bulbar, 586 

rightHsided, 387 
Parchment paper S3rmptoms, 799 
Paresis, post-epileptic, 322, 391, 393 

spastic, 347 

spastic of peroneal group, 357 
Parieto-occipital fissure, 221 
Parturition, 342 
Patellar reflex, 381, 999, 1008 
Patient, preparation of, 956 

position of, 956 
Patterson'* prefixed tjrpes, 992 
Patterson's postfixed tjFpes, 992 
Periosteum, sensitive, 158 
Periostitis, syphilitic, 1175 
Perityphlitis, 840 
Perseveration, 452, 546 
Pes equinus, 341 
Pes equino-varus, 357 
Petit mat, 464 

Petrous bone, exposure of, 132 
Phenomenon, Romberg, 883 
Phrenic, action on, 1039 
Pill-cure, 522 
Pilocarpin, 342 
Pituitary body, exposure of, 117 

extirpation of, 130 
Plaques, nuclear, 344 
Platvsma mvoides, 293 
Pneumonia, 325, 3*2, 838 
Point foot, 1027 
Points de feu, 1026 
Poliomyelitis, 335 
Pons V a roll. exi>osure of, 810 
Porencephalitis, 3*5, 359, 455 
P(»rencephaly, 367 
l^osterior fossa of skull, Iwundaries of, 673 
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Primiiry spasming penlres, 33a Ml, 


3il. Ribs, resection of. SSI 


360, 38i, 390, 397, *T0, *7«, 57C 


Rickets f^* 


I'robing. cxlraduml, 96T 


Rii^rrt base level. M6 


intrndumU 970 


HigidiHrs. 40T 


Processes, rhronic inftatnluator]-, 53 


musculir. 43f 


dunU inTOlving the brain, 107 


Rigors. 4SS 


ntradursl. 107. 1064 


Riaa..-. lest, 693, 719. 759 


inflnmmntor>-, 106* 


Roentgenograi^y, 4T9 


intradnrnl. 107^ 


RaliNffi, linea, 506 


puruimt, 163 


sulcus. 506 








Root-field. 987 


i'miiferatinn. vascular. 3*6 


se™«ry, 987 




Roots anterior. 103A 


Pulsf, slow, 400 


Rotation stool. Wanner,. 694 


I'umps. 513 


Rotation of eyes 531 


ruTK-tureK-annuln. 3t5 


of head. 531 


of the spveral brain ^.ectioDS, SI 




|«ints ytitrfr-. 11 


tus 15T 


Puncturing brain (.i.«-p>.s iH 


Rubber tissue. 159 


Pus focus. IncalJulion of. 105 




l-sjchic deviations. ^IW 


Saline solution. 139 


Psychic disturbances 197, 5^1 




l-sychosts posl-cpileptic. 457 


Hall solutions. 471 


l^-rnmids. giant, :ltN 






in centre of leg. A51 


Quadrant, extenii)-inrcrior, 500 


of arachnoid, 143 




of base of skull, 833 




of dura, 303 


Kadinlinn, visual, '>5) 


perforating. 114. 658, 661 


Itadicular w>nc. !tfiT 


Saw, circular, 31 


lladioftraphy. 37S 


wire, 18 


Ksmus asccndeiih anterior ^'y'rii. Hi 


ticalp. sensitive. 158 


Raspatorium, 17 


Scarlet diphtheria, 342 


Raurhfu-yt slinp. 1167 


Scars 493 


Heach rod, 17 


Scheidelpunkt. 226 




fchlfirht anesthesia. Til 


Hcctuni, 1135 


Srhtoffrrt operation, 771 


functions of. 1135 


Ifcleroig Hfurnhgique, Ckatlim'i. 4TS 


Iteemplantinp. KJH 


Sclerosis 317, 345 


Reflex, tibio-periostcal, 668 


arierifll, 37 


Hefleses, 4^1 


multiple, 325 


rficitalion of, 992 


Segment, innervation, 988 


Itfiil't bast- line. 22:1 


spins 1. 993 


Hcnal disease, 3-'5 


Sella turcica, 130 


ilepairs, methods of plastic. 203 


Sense of |>osilion, 414, 434 


Resection, intracranial, 163 


tactile. \2\ 


peripheral trifacial, 163 


Seasihiiity, 1032, 1050 


Resonance, cracked -|H>t. 501 


disturbances ot, 397 


Respiration. CAry«-.S'oi'»V 750, 919 








lletinitis pigmentosa, 3+3 


Sensory manifesUtions, 330, 369 


Uclractors, 115 


Sensory wizures S69 


llhrumatism, 459 
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Sepsis, local, 169 

Sequestrum, cheesy, 109 

Sexual sphere, 981 

Short necks, 156 

Sick's method, 972 

Silk thread, 160 

Silver tubes, 347 

Sinus cavernosus, 127 

Sinus, longitudinal, 35, 293, 38-2, 387 

petrosal, 131 

sigmoid, 35 ^ 

transverse, 35 
Sinuses, injuries of, 34 

resection of, 34, 37 
Sinusitis, frontal, 894 
Skin, pinching of, 412 

reflexes, 981 
Skull, closure of large defects in l>ony, 202 

injury to, 480 

plastic repair of, 204 
Soap, 159 
Soda solution, 209 
Sound, BraaiZy 15, 18, 25 

Oppenheimer*s |>ercussion, 982 
Sound-pictures, 587 
Spasm-centres, 299 
Spasms, clonic, 338 

tetanic, 342 

tonic, 338 
Spasticities, 370, 619, 668 
Spatula, brain, 140 
S]>cech, j)owcr of, loss of, 339 
Sphere, cortical visual, 651 
Sj)inal cord, 953 

diffuse glioma of, 1125 

fibres of, 1181 

indurations of, 1103 

injuries of, 11 7(), 1178 

j)ara lysis t)l\ ll(>2 

surgery of, 953 

surgery of, relation to dura, 966 
S})inal niernhranes, tumors of, 975 

tumors of, diagnosis of, 975 

tumors of, irritation of, 976 



Stimulants, 538 

Stimulation, bipolar, 986 

Strabismus, 339 

Stupefaction, 681 

Stylet, steel, 261 

Subcortical glioma, 563 

Subcortical tumor, 563 

Suction, use of, 743 

Suction apparatus, 514 

Sulcus centralis, 217, 232, 298, 369 

Sulcus parietalis, 221 

Sulcus prsecentralis, 232, 285 

Suppuration, intracranial, 844 

Suture, continuous, 8 

hemostatic, 9 

overlapping button, 9 

primary, 152 
Sutures, removal of, 161 
Syphilis, 342, 1175 

Tachycardia, 834 
Tactile agnosia, 556 
Tactile paralysis, 556 
Tactile sensitiveness, 556 
Tactilitv, 557 
Talo^navicular joint, 386 
Tampon, removal of, 161 
Tamponade, for bleeding, 153 

in cerebral abscess, 153 

in tubercle, 153 

protective, of subdural space, 104 
Technique, rapidity of, 158 
Temperature-sense, 412, 423, 557 
Temporal a])proach, 126 
Temporal convolutions, 220 
Temporal submuscular method, 191 
Territories, silent, 50-2, 533 
Tests, pin-j)oint and pin-head, 413 

scnsorv, 410 
Test-tubes, 411 
Thalamus, 222 

opticus, 313 
Third points, 226 
Thoracic cord, transverse paralysis of, 113U 
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Towels, sterile, 159 
Tracts of hearing, 589 
Tracts of visual reflex, 653 
Trauma, 349, 386 
Trepanation, 394 

valve, 373 
Trephining, 4 

decompression, 188, 500 

decompression, palliative, 195 

decompression, technique of, 189 

in two stages, 2S 
Trigeminus neuralgia, 493 
Trigeminus paralysis, 695 
Trophic disturbances, 414 
Tubercle, conglomerate, 148, 154, 575 
solitary, of cerebellum, 782, 1130 
Tuberculosis, progressive infiltrating, 111 
Tumor, at base of skull, 120 

at cerebello-pontian angle, 134 

cortical encapsulated, 76 

cysts, 731 

emanating from brain membranes, 71 

encapsulated, 92 

extrameduUary, 1038, 1062, 1104, 1114 

formation, intra vertebral,' 1110 

involving brain substance, 71 

level of, 984 

located in the cortex, 91 

malignant, 1159 

multiple, intra vertebral, 1052 

non-encapsulated, 94 

of acusticus, 82, 134 

of brain, extirpation of, 86 

of brain substance, 91 

of cerebellum, 145 

of frontal brain, 516 

of hypophysis, 278 

subcortical, 96 

with bony deposits, 278 

with calcareous deposits, 278 
Twitchings, fibrillary, 289 

I'ncus, 587 

Ungual changes, 1156 

l^aemia, 325 

IVination, involuntary, 380 

Vaccination, 342 
Vagus, motor branches of, 695 
Valve formation, technique of, 460 
Ventricle, fourth, opening of, 771 

fourth, puncturing of, 256 

lateral, 179, 252 

lateral, puncturing of, 254 



Ventricle, lateral, suture of, 600 
Ventricles, ossified sutures of, 269 

drainage of, 258 
Ventricular drainage, 252 
Ventricular puncture, 252 
Ventricular tapping, 272 
Vermis, tumor in region of, 766 
Vertebrae, fractures of the arches of, 1180 
Vertebral actinomycosis, 1175 
Vertebral acute osteomyelitis, 1174 
Vertebral canal, 881 

hemorrhage into the, 118 J 

opening of, 956 
Vertebral column, differential diagnosis of, 
984 

etiology of, 983 

manifestations from, 982 

neoplasmata of, 1155 

syphilis of, 1175 

tuberculosis of, 1155 
Vertigo, 682 

Vestibularis attacks, 683, 694, 945 
Vicinity symptoms, 503 
Vision, tubular, 661 
Visual field, scheme of, 659 
Volkmann's walking stool, 1004 
Vomiting, 679 

cerebral, 497 

Walking stool, Volkmann's, 1004 

Wanner'8 rotation stool, 694 

Wassermann reaction, 1043 

Wax, Horshy's, 24 

Weber's test, 692, 759 

Weigert's stain, 672 

Wernicke's centre, 429, 569, 587, 859 

White substance, 301 

Whooping-cough, 340, 342, 348 

Wipes, 161 

Wire saw, OiglVs, 18 

Witzelsucht, 521, 526, 756 

Word blindness, 610 

Word deafness, 429 

Word dumbness, 426, 445 

Wound complications, 162 

Wounds, care of, 971 

bullet, 1177 

healing of, 1149, 1150, 1153 

of brain, 931 

stab, 1176 

Zeiss apparatus, 116 
Zone, spasming, 338 
Zygoma !> arch, scar of, 494 
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